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0 . (U) This final report summarizes the research effort from

• July 1966 to June 1969 under Contract l b .  DA —144—009-ANC—18l1(E).

which was a continuation of a previous effort from Ma; 1963 to

June 1966 under Contract No. DA-44-009-&NC-136(T).

(U) As in the above mentioned previous contract, ~he primary

interest in this investigation was directed toward practical goals.

In the first two-thirds of the effort, this meant improvement of

the luminous and infrared sensitivity of the semitransparent 8-1

and suppression of its tbermionio emission.

(U) In the last third of the ccntraotua period, the effort

0 
was shift•d to a practical study of formation and performance of

0 the space reflective S-i.

• (U) Ai a secondary goal, th. d•rivstion of a model of the

- 0 

8—1 and a theoretical explanation of iti main features was desired.

:~ I 
(U) In all specified areas considerable progress has be.n

achisv.d . 8.v.ra]. new processin g methods have been developed fcr

good Ln.çrar.d rsspons• of .eait renspsr nt .athod.s • Although
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(U) repeatability is still a major proble m, there has been a

0 reasonable yield of high ca thodes idth the beat of the developed

methods. As already previously obeerv.d, it was re-affirmed tha t 0

0 

geometrical configuration and sub strate conditions require

• 

• selection and adjustment of a part icularly suited proceesing 0

method. Towards the end of this contract, a specific method was

arrived at which eppears to les~en this dependence cons iderably.

0 • (U) Optical enhancement possibilities were studied in the

list .ight.en months of this mork. Although the optical

prop erties of the S-i do not allow for improvements similar to

thos, found in the 8—20 , method. for process ing a space reflectiv e :

S-i were found, and a reliabl, schedule for processing such

cathodes has been developed.

(U) Finally,. the computation of th. optical constants of 
0

the 8—1 ha. resulted in plausible values which fit reasonabl y • 0

well over the rang. of aeasur asnt. By virtue of these optical

0 
sonstants, an int.nsity—baa.d model of tb.s 8—1 wee sketched out.
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(U) This imdel appears to be able to explain i~~~~ of the

0 

features of the spectral response.

(U) Sinai this report is partly based upon find ings 0

detailed in the previous final report under AMC-136(T) , cross—

• 

0 references to tha t documen t will be made throughout this repo rt.

The numb.rs of individual reports are given as reference to •

specific points for more detailed discussion. For perfo rman ce 0

data of selected sur faces extending over the entire period of

both contracts, 5 ee also Table s and Figures in this report.

II. PROGRESS IN PRO CESSING SEMITRANSPARENT CATHODES

(U) The previous oontr act , AMC -136(T) , had resulted in

several methods which gave high luminous sens itiv ities with a

- moderate ZR sensitivity p rcentage. F’or a review of sensitivities

achieved , we refer to T b1. I of the Final Repo rt , ANC—136(T) ,

dated 12 May 1967. 0 
• 

0

44~ The highest ZR sins iti.vities reported there were:

0 0
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0 RE~ DD~254 4/ 1417C
~~~ Tube #126 - Luminous Sensitivity, 80 Ma/i; 251~0, 9.2 pa/i.

0 Tube #606 - Luminous Sensitivity, 60 pa/i; 25140, 9.1 pa/i.

Th. percentage of ZR response ran, usually, between 8 and 12%. 
•

• 
0 (.0P The doping methods which were investigated thoroughly

0 for thermionic emission suppression did not help the ZR sinai— .

tivity either. Potassium as well as rubidium doping resulted

in a lowering of the ZR sensitivity percentage.

(U) All dopants r.sult.d in a change of the spectral

response shape, as compared to the normal cathode, processed 0 with

Cs only. Thu ehang. usually showed up as a W chopping off of

the long wavelength response with increased sensitivity in the

80001 to 95001 region. These changes concurr.d, at that time,

with the expressed interest of the contracting agency for high

sensitivity to 9500k radiation.

(U) At the beginning of this new contra ct, however,

• • emphasis was shifted, in that high sensitivity to the 106001

laser line was desired .
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RE : DD :254 4/14/70
(U) A great deal of the effort in th. first eighteen

months was therefore directed toWard the development, of a high

• 1 lB processing method (‘Hip’). Sush i method was developed

during the first year.

• 
~
• (U) For a detailed description of the evaluation of ‘Hip’

see Rpts. No. 3 through No. 9. 0

• 
0 ~ 4 A typical “Hip’ schedule i~ as follows:

• 1. Prewet glass surface with Cs to a predetermined

value.

• 2. Evaporate Ag to a 140-65% coverage.

• Evaporation is monitored with an ZR monochromatic

line, because the onset of ‘bad layers’ (i.e., conductive layers)

is distinguished by abnormally high ZR absorption. (Ref. Rpt.

I No. 3.) - 

0 
0 0

3. Drift C. at 30—50°C until the transmission change

ii completed.

14. Bake surface until no further Increase in

photos ensitivity ii being obs.rv ód.

!FIII_~I~l 
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5. Peak with 02. RE~ DD 254 4/14/7O~~,.
0 

6. If ‘bake off’ (loss of sensitivity) had occurred

during step No. 4, step No. 5 is followed by additiona l steps

3. 4, 5.

This method was an outgrowth of a brief investigation

of the classical ‘cathode which had been conducted during the

• 
• first quarter. (Ref. Rpt. No. 1—3.) The investigation of the

“classical” method itself gave the expected result: Average 11
cathodes, below 40 pall with 8—12% lB sensitivity. It should

- be noted that, in sharp contrast with the classical method,

no atter —si1ver~ng is employed.

H
4~9’) This ‘Hip’ method was’ used as a base for further

improvements of ZR sensitivity during the remainder of the

contract. Selective 02 peaking with a monochromatic filter

at 10600a then resulted in very high ZR sensitivities. (Ref.-

Rpt. No. 8,9.) Th. highest sensitivity was achieved in Tube

No. 202: V.L., 69)1./I; 2540, l3.5 us/l. For representative

•l.øtri~al pe~foz~~anc• data , see Table I of this report .
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• for lower thermionie emission. Efforts to suppress thermionic

emission also resulted in a suppression of the very high ZR

sensitivity and gave surfaces comparable to those previously

achieved . (Ref . Rp t. No. 9.) A possible exception was only

• prewetting with Potassium instead of Cs which in a few instances

retained high ZR sensitivity with somewhat lower th.rmioni.

emission. (Ref . Rpt. No. 16.)

f* The highest ZR sensitivities, however, undoubtedly

resulted from the application of Cs only with selective 02

• peaking. For typical spectral response curves, see Pig. 1-3.

On the whole, the high cathodes processed with ‘Nip’

retained their sensitivity well. Slump was observed primarily

on those cathodes which showed C~$~~_~ff~ during processing.

(Ref. Rpt. No. 11.)

• (U) Several environmental factors during Ag evaporation

were investigated . One series of experiments explored the
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(U) influence of the substrate temperature on cathode

formation. It was f ound that if the substrate was held at

temperatures above 900C, a different behavior of the Ag base

• was observed. The Ag layer looked more metallic and was highly

reflecting. Also, the ‘uptake’ of Cs during the following

activation was such larger than usual. These effects became

stronger with increased substrate temperature. (Ref. Rpt.

No. 5—7 .) 0 • 

0

0 (U) Lowering of the substrate temperature to the range of

—10 to —15°C re.ulted in somewhat colorless Ag bases. Neither

extreme resulted in high cathodes. (Ref. Rpt. No. 6,7.)

1 ‘ (U) We feel, therefore, that the range of 25 to 40°C,

which was used in the large majority of our ex~eriments, is

the optimum temperature for the -laydown of the Ag base.

Vacuum during Ag evaporation was typically in the ra nge of

2.8 x 10111118 mm.

= 
(U) Severa l exper iments were undertaken to study the
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(U) Offeot of a high field between evaporator and cathode -

area. With +2500V or +5000V applied to the cathode area,

deflection of the Ag beam apparently takes place. Heavier

deposits were observed in the center of the cathode area while

the deposit close to the aluminised ring was much thinner. . An

application of high negative voltage to the cathode area did

- 
not result in any observable effects. This, of course,

supports the contention that .t least some of the Ag atoms are

• positively charged. (Ref. Rpt. No. 6.)

• • (U) Similar ionic currents were also observed later on

during Ag evaporation, as a rule. The interesting observation• 0
was made that such currents were quite strong in the beginning

of the Ag evaporation, declined and remained at a steady level 
-

•

• during continued Ag evaporation, and began to increase aga in

as measurable conductivity of the Ag layer began to appear.

(Ref . fipt . No. 24.) .
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• 

I 

discharge after Ag evaporation did not result in any observ-

able changes of performance. (Ret. Rpt. No. 20.)

It was observed in the related ‘PIP’ contract that

a short evaporator—to—substrate distance resulted in poor

• 
0 cathodes. ‘An increase of this distance from the usual 1—1/2’

• 0 

in the bulb structure to 2-3/)3”, however, did not produce any

noticeable change. (Ret. Rpt. No. 17,18.) We can conclude

that a distance of 1—1/2’ is sufficiently large for good

cathode formation.
k ~ 0

~~~~~~
‘ In two tubes (No . 0—256, 0—285) , a thin film of

bismuth was evaporated deliberately to about 2—3% coverage ,

followed by the usual overnight bake. Cathodes formed

reasonably well. (Ref. Rpt. No. 13, 15.) However, the

expected suppression of the thermionic emission was not

observed. These two experiments were made to amplify the

possible sxisting condition of a thin Bi film formed on the

I I I

I 
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• 0 RE’ DD~254 4/ 14/7O~0 0 4.e~ cathode area during th. extended high temperatur. bake. ~73
While it was thus proven that good cathodes can be formed on

such thin Bi films, a positiv, identification of a theraionio

emission suppression could not be shown. This is in contrast

0 to the proven suppression effect of the Bi aftertreatasnt

after complet.d cathode formation (See Final Rpt., pg. 24—25).

(U) Two optical improvement thoughts were tried on the

semitransparent cathode. -

= (U) On. semitransparent cathode was fo rmed on a ‘grooved

glass plate’ whtch was aupplied by Ft. Belvoir. The exact -

geometry of the grooves was not known. An optical enhancement

was observed dt the blue end of the spectrum. It had been shown

in the previous contract, AXC—136(T), Rpt. No. 37—39, that

optical enhancement effects would be expected in the region of

high transmission of the semitransparent cathode which is in the

blue and green. 0 
•

0

( U)  The exp.ot.d chang. of response with angle of insiden ie

was observed on the grooved plate. The pertinent Tabl e in Rpt.

- • 
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(U) No. 21 1. reproduced under Table h o t  this report. It

should be noted that the enhancement., compared with the

sensitivity of a normal semitransparent cathode, is about 6—1~~

• 0
, for the 39002 and 4535k line , about 3-5X -for the 50502 line with

factors getting teach lower with increasing wavelengths .

• 

- 
(U) Another idea was investiga ted in connection with the

pr eparation of space reflective cathodes. The use o~ a dielectric

0 spacer of a coupling refractive index between the glass and the

cathode should result in a lowe-ring of the reflection from the

high refractive index cathode into the low refractive index glass.

Although the ret Lection of the 8-1 is not very high in the hR

region, it is still in the range of 12—25%. (the reasons for the
£ ~0

- • faát that the 8—1, also a very high refractiv e index medium, has

a low reflection into the glass, are explained in Chapter IV of

this report). We have formed several cathodes on Ti02 films which

were deposited on glass. (The refractive index of Ti02 is around

2.6 for the ZR.) Front reflection snppression was actually

iIIL4 
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(U) observed. However , only average cathodes were achieved on

the Ti02, in the few trials performed and did not a llow evaluatio n

• of the idea . On these few surfaces it was also observed that the

• thermionic emission was unusually high-for the ZR sensitivity

- - range. No explanation for this.oan be given. For a detailed

• 
0 description of the optical and electrical behavior of such cathodes

and the observations of generally incr ased absorption with a

slower drop—oft in the ZR, see Rpt. No. 12, pg. 5—7 , and Table II;

also , fipt. No. 21, pg. 5. Figures 4-7 are reproduced here and show

optical and electrical performano. of two such surfaces. (For

sensitivity data see also Table I of this report.)

(U) It should be stressed that the method which eventuall y

I 
~

- resulted in the best cathodes on the dielectric spacer in the SpRC 
-

(layer method) was not tried out in this connection. Any further
4

attem pt to impr ov, the semitrans parent 8—1 should also evaluate

the 1layer cathode’ processed on, high refractive index, transparent,

dielectric substrat es.

(U’) - Pe tormanoe d~ts çor surfaces of inter •st are given

1 I I p 
I

1
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-, R E~ DD-254 4/ 14/70- (U) in Table I. These date cover, where available, the

entire period of 1963-1969 for both 8—1 research contracts.

- III. THE L&Y~~ METHOD

(U) The observation that ‘Hip’ seemed to represent the

- 
. best achievable method, based on the original Dii Mont method ,

led to the exploration of other, radically different, prepare-

- 
tion techniques. -

- 
• ‘

• *1~ It had been found earlier that a thin layer of Ag

-: ( 3—8% coverage) was able to accommodate Cs , expressed as a

fairly large change of transmission readings and that cycling of

• 
• Ag and Cs could be continued until a cathode with the usual

thickness was built up. Final exposur. to oxygen then resulted

in a reasonable sensitivity. (See, e.g., Tube No. 0—215, 0—216,

~ 
- 

- • Ref. Rpt. Jo. 10, pg. 4.)

4 (U) The interpretation of the optical data of the 8—1 then

suggested the investigation of 0520 layers. (Seas alec Chapter

IV of this report.) . .
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~~ DD•254 4/14/70
44~ The experiments showed that, although 05-0 layers

• cannot be built up on glass alone - apparently because of a

poor accommodation coefficient — such heavy layers can be

• built up through alternating cycles of cesium and oxygen in a

form similar to the one described befor, with Ag-Cs . Figures

8 and 9 show the development of such a heavy Ca-0 layer .

Because of th. similar act ivation schedule, we had

reason to assume that the cesium oxide formed, in this case,

was the same type of oxide which was formed in the 8—i . The

color of this film was usually a light rose-violet , which upon

additional evapo ration of Ag changed toward the mor. blue-

violet solor of tb. normal 8-i. Optical aspects are discussed

in Chapter IV of this report; for data see Table III here.

This film, consisting primarily of cesium oxide, had

reasonable sensitivity with some ZR1 but processing was rather

touchy, i.e., it cycling of Cs-0 was continued above a certain

optiu point, sensItivity usually disappeared permanently.

Por det$ilsd reZ~r.ns., sac Rpt. No~ 24, pg. 6-9.

I i  
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- 

f~’~ We then tried to use this phenomenon for the d•velopmsntt’~)

• of a new processing schedule. It was found that additional

evaporation of Ag onto such a heavy Cs.O film usually resulted in

good sensitivity. (Ret. Rpt. Jo. 27, pg. 3—5. )

PAy -
~~

44’~ A typical processing method resulting from this aspect

of the investigation is as follow.: -

1) A thin layer of Ag (24% coverage) is evaporated

onto the glass (no prewetting).

2) A number of cycle. C.-0 is then applied onto this

thin base until stability of sensitivity is aohiev•d.

3) Peaking of response is then achieved by additional

Ag evaporation.

4) If the sensitivity does not rise satisfactorily

upon additional Ag, the evaporation of Ag is stopped and additiona l

Cs-0 cycles are again appliód, and so on.

4~5~ Th. transmission measurements of the layer cathode show

a reversal of percentages of Ag versus Cs-0:

~~~~~1 . .
~ . . , I - -

3 1  ,
I~~~ 

O
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RE~ ,DD:254 ~‘1~’7O• Tube No. ~ A~~ Totil % ç .-0 Yo~a~’

5235 26.5 40.5

- ~1. 5238 30.5 
, 

37.5
0 5642 35.5 28.5

5644 32.0 38.0

t4
(~Ø) In comparison with the normal semitransparent cathode

(initial Ag coverage: 45—55%), the percentag es are considerably

changed. It appears , however, that the ‘missing thickness’ of Ag

is made up by increased thickness of cesium oxide until a certain

optimum thickness, necessary for good response is achieved. Thus

it appears that optimum performance, which ii in the case of the

S-i. synonymous with good ZR response, requires a certain thickness,

but that the individual constituents can vary in wide range..

Similar ‘compensation” effects have also been observed in the

spectral response. (See Final Rpt. , AMC-136(T), pg. 35.)

(U) This peculiar behavior becomes understandable in connection

with the optical constants of the S—i (See Chapter IV, this report),

r which requires this surface to have a thickness of ~~~ close to

.5 it processed to opt imized performance.
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(U) It appears, by the way, from our optical measurements

and determinations of the thickness d, refractive index n, absorpu.

• • tion coefficient k , that similar compensation •ffects occur in

other photocathodes 
- 

also.
• - 

- 403’ The main advantage of the layer method seems to be that

- 

. it apparently obviates the acut. dependence of the cathode quality

0
, 

on the initial condition of the Ag baa.. (For a detailed discussion

- - of this influence , see Final Rpt., AMC—136(T), dated May 12, 1967,

• pg.. 8—15.)

I
~~~~~V Thus it was possible to form good cathodes in the - unfavor— 

-

able image converter geometry with this method. Also, the inveati”

gations of cathode proces.ing in the SpRC (Chapter V of this report),

have eventually led to the layer method as the beat possible

formation schednie.

(‘e’) Spectral response of the better layer cathodes also show

a more shallow slope towards the threshold which is a desirab le

effect. (S.. Pig. 10, 11, this report.)

- .

- 

- 

~~

- 

- 
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- 1• R E D D 254 4/ 14/70 ~*~ The observation that cesium oxide layers could b built

up on very thin Ag films to fairly heavy deposits (40-50% trans -

1 
• 

• 
• mission) led to the speculation that similar Ca—0 deposits can be

I built up on other thin metal films resulting in different types

- • of cathodes. Only one such attempt was made on a thin Di fil..

1 However , no ‘build—up’ of cesium oxide deposits was possible. The

entire change of transmission took place upon the first cesium

interaction, with subsequent 02. exposure having very littly effect.

- 

- In optical performance and appearance, this cathode more closely

- 

resombled a cesium antimony type. Because of the shift of interest 
-

to the SpEC, no other investigations on other metals was mad..

- 

- 

(* A continued effort in this direction, however, seems

warranted with metals more resembling Ag than Di does. It is

l 
-~ 

- possible that other ZR-sensitive cathodes could be found in this

~ 
i _ _

manner. This assumption is based on the fact that the structure

I of any very thin fi1~ of metal will resemble the island structure

of an Ag film. This is in contrast to heavi.r films when, the

structure of the Ag ~1lm is ra ther unique.

1 .- .
• I 

• - . 

1 I 

I~ 
I I
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IV. OPTICAL DATA AND C~~~TANTS ~~ S-i AND ~~~~~~

-
• 

- 
(U) In the last two quarters of the prev ious effort ,

(AMC—136(T) a ttempts were made to determine the optical constants

- 
n (refractive index) and k ( absorption coefficient).

• 
- (U) During thi. prev ious effort , the three optical data:

- Reflection into the substrate (glass) R~
-

- 

• 
- - Reflection into vacuum R~

Transmission through substrate and .photooathode ?

were measured on several model surfaces.

- • (U) All three quantities were measured as percentages: The

reflectances against the reflection l—E~ of an opaque Ag mirror ,

( where~~~ is a wavelength dependent factor ranging from .06 for

• 390C1& to .01 in the infrared), the transmission against an

I 
- uncoa ted bulb under analogous geometrical conditions. -

(U) In theory these three data - should be sufficient to

• 1 - 

determine n, k , and the physical thickness d. In practice, however1

- the computational problems are formidable. The three quantities .ai

-

, I be solved , only with the help of a computer program and then only

in fa ir a approximation. 
-

• 1 - 1

I

• —~~~ — 

• 
- 

- 4 
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(U) The equations, which give these three quantities in

involuted form, were developed in Rpt. No. 12 and thes• derivation.

are reproduced here in Addendum I; see also Pig. 12 this report.

(U) Simplif ied equations of the type I, II, III, (See

Addøndua I) were used in Rpts . 37—39 of the previous effort,

AI4C— 136(T) to compute n and k for one model surface, tube No. 113A . 
-

The values arrived at , at that time, are in error because no

consideration has been given to the presence ’ of- the second glass—

air boundary.

(U) It ii quite obvious that these corrections for the air—

glass boundary will decrease the already rather smell front —

reflection of the S—i. It is because of thi. reason tha t the

values derived previously are not considered representative for

the true optical data of the surface. The corrected optical data

for our model surfaOes ale sb.o~s~ in Fig. 13-19 of this report.

(U) Equations VII - fl of Addendum I are now the corrected

quantities R~0, R YC ,. whith constitute the triplet sought in

the oomput.r program. - 0

- 0 0

I I I — • ‘22— • 
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-• (U) The at first available program gave these quantiti.s tort
~~~

- . -

• 0~~~~~k 4 7 . 0  Stepsize 4 k  .20

1.0 4 n ~~ 5.0 6 n .25

0 4 d / A (  .20 4d/fr~ — .005

Graphs were made to determine the general behavior and are shown

• 
• in Fig. 20-34. (See also discussion in Rpt. No. 18, pg. 3—5. )

(U) The practical procedure i. that one tries to match one - •

triplet of corrected data as accurately as possible to a triplet of

computer data. Actual computation requires interpolation between

- the values of the computer program.

(U) It soon became obvious that the evaluation of this progre~

for the optical data of the S—i was unusually cumbersome. The low

• 0 - 
- front reflection together with th. large vacuum reflection and the

- fairly high transmission could only oocur in the region around

— 1/2. As the enclosed graphs show, the maxims and ’ minima are -

- 
- very steep there and very small change. in one or the other paramet

caused large changes of the optical performance • Furthermore, vain

to the left and right of the minima are fairly equal.- It was for

I this reason that a aear~h for solutions took an inord inat. cnnt of

computational effort.

—23—.
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- 
RE: DD-254 4/14/709~ó

- 
(U) A similar situation is even more pronounced in the cas.

of the Ag—layer alone. (Tube No. 168, 559; see PIg. 13, 14.) Th...

—i: layers have very small R~ combined with high Nv. Thi, aga in

-
• 

- 
results in a much larger thickness than expected and also in high

-
~:: refractive indices. - 

- 

-

A possible explanation for these results may lie in- the

- 

fact that, as we definitely know, th. Ag layer is not a homogeneous

slab of material but consists of clearly separa ted micro—crystal..

- This structure is also retained in the completed S—i , as our photo— 
-

micrographa have shown.

1 - It is quite possible that a layer of such structure

- 
- displays a rather abnormal optical behavior in the direction of

its base versus the direction of its top surface. The properties

of the Ag layer , i..., the large difference between front and

vacuum reflection seem, to a large extent , retained in the S—i.

-j -

- ~.$ To my knowledge, there are no combined measurements of

vacuum reflection and front reflection for thin Ag films or 8— 1

cathodes known in the literature and this problem, therefore , has

not been ~onsidered at all.
-

.
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• • RE DD2 54 4/14/7~~f’6~ 
Similar difficulties do not seem to exist for the alkali

antimonides. In their case, the evaluation of the three measured

data (T, R~, Nv) have resulted tentatively in a certain thickness

which fits reasonably over the entire spectrum. The thickness thus

derived at is in reasonable agreement with previous estimates.

- -

4.e) Of course, the formula for R~, R~
, and T are derived with

- 
- the assumption of a homogeneous, isotropic material. It seems that

• - 
- such a condition is reasonably well fulfilled in the case of the

- 

0 
group of the alkali antimonid.. while this may not be the case at

all for the S—i. The 3—10, whose optical data seem to point to a

connecting link between these two groups, also seems closer to the

alkali antimonides.

F i ~5” While it appears that under such circumstances the

determination of the optical constants may not result in an agree—

ment between “optical thickness’ and actual physical dimensions, I

- -
‘~ • do think tha t values which will represent the behavior of the admit ’

F 
tedly inhomogeneous 3-1 can be used to determine and predict its 

-

behavior. It is also clear that values of the optical constants

- 
- 

0 

- •

Li -~~~~~ 

I 

I 
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RE-’ D D-254 4/14/70 <
~~~ I

which fit the optical data of the S—i can also be used with a

better chance for success in any model of this ocmplioat.d surface.-

Of course , the knowledge or the optical constants is of special

importance in the space reflective mode. -

(U) Wit~i the computer program available only up to n 5 ,  it was

found that a certain thickness d/,P~ which fitted to the data of the

8—]. model surface in the IN did not fit with the shorter wave—

lengths below 5ooo2. The values computed for n also did not fit

a smooth curve. - -

(U) Calculations, at that stage , were made for four surfaces :

R5 - • which is a Rubidium Cs-processed surface.

340, 113A — which are good Cs—processed cathodes.
-

. 

- 332 - appearance-wise a somewhat thinner, low IR , cathode. —

For R5, a thickness d ll7O~ - gave an excellent fit at 6000.2 & iii~oe.

For 340, d 11502 — gave a very good fit at 115002 and 65702.
0 

For 113k, d 10602 — gave a good fit at ii5ooR and 56002.
For 332, the seemingly thinner cathode, a thickness d 13002, was

arrived at with good fit at 105002 and 65002. -

(U) The data aomputed .are reproduced in Addendum II.

~~~~J L  -
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(U) Between these points, a fit with refractive indices

• n < 5.0 was not possible. It appeared -thu s that the curve for n

- would have to show a Jump to higher values and back again. Although

the fit ooniputed for the lines given above was quite good, tb. large

- thickness and the behavior of n did not seam satisfactory. 
-

(U) At that -time, an investigation of th. optical properties

of cesium oxide - hopefully the cm. which is pr esent in the 3—]. -

was begun. Processing teohniqm~~ hav• been described in Chapter III

- 
For the optical and electrioal ohsracteristies of one such heavy Cs

- 
oxide layer (final coverage iêO% white light) on a thin Ag bass (5% - -

coverage), see the enclosed Table III.

(U) This investigation was undertak em, primarily, to try for

another explanation- of th. optical data of the 3—1, because the

I result, quoted above did not allow satisfactory interpretation with 
-

one thickness for the entire spectral range, and was based on the

-
~ island structure of the Ag-layer and finished cathode, which was

- 1 revealed in numerous microphotograph. under AMO-136(T).

t: - I I~~~ - I • - -  - 0 -

-

- 
- , -  

•
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(U) The assumption was that it y be possible to explain

these data through an addition of the optical properties of the Ag

base , covering X% of the cathode area and the optical properties of
I 

-

a Cs oxide layer covering the previously empty portion ( i..X%) of

the cathode area . To this purpose, we attempted to use previous

measurements on one surface, where optical data were measured

-
- throughout the development of the surface: ~ zbe #597, Rpt. 10. 29,

A1~ —l36(T); see also Fig. 3~, 36, 37, this report. The following

uncorrected optical data were measured there t 
4

Inn _ .39 .1a5 .�0� .60 .80

• Np I 5.0 8.0 8.0 8.0 ?.0 ——I Np II 6.8 11.0 15.0 17.0 13.5 --
Np III 7.0 11.5 15.0 18.0 15.0 14.0

T I 68.0 59.0 52.0 52.0 60.5 66.5
T II 73.0 60.5 48.0 34.5 37.0

T III 74.0 60.5 48.0 33.5 35.0 43.5

- 
- 

0 (U) Here State I refers to the very lightly oxidised Ag bass;

Stat. II refers to this base after cesiation; Stat s III refers to

1 - State II + 02 peaking. R
~ 

stands for Front Ref]eotion, ? f or

- - Transmission. - 
-

- - - -~~~~~
- 

~~~~~~~~~~~ -~~~~
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(U) Ia this sample we see quite clearly th. peculiar effect of

the increase in blue transmission of the finished cathode vs. the Ag

bass, while ZR transmission greatly decreased. Vacuum r.tlsotion had

not been measured on this sample. - - 

-

- • (U) The following relations would have to apply:

- R1 — X’ RAg + (hi.X)
~ n. ~~~~~ + (1-X).o8 GL — Gi~ss

R1~~— XSR&g + (lsX)Rc,o2 -

— X1’TAg + (l’mX).92

- 

- 

T1~~— XITAg 4 (liiux)Tc.o2

~~~~ R1 ( l-X)’~(R 050 - .08) -

~~~~ 
T1 — (ii.ix).(Tc o  — .92 )

• (U) A simple cross—check with the values given in Table III for

Tube No. 0—429, which can be considered representative of the optiu

Cs oxide thickness which ~ti1l gives photosensitivity (see Chapter III

I f

of this report), shows that these relations are not at all fulfilled. —

The absorption properties of the Cs oxide layer, per 55, in the ZR

are not sufficient to explain the large changes in this region, while

the decrease of absorption - in the b]u. is - not at all understandable

I I - - - - •  -
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(U) nóither because of the relatively heavy absorption of the Cs

oxide layer in the blue. This proves conclusively that the Ag base

i. changed and a homogenisation of the entire cathode film takes

place. We therefor. decided to continue explanation efforts under

the assumption of a homogeneous film as before.

- 

(U) We tried to get a continuation of the computer program for

higher values of Wn. Such a continuation- was received for 5i~,n<7.5,

through private channels and only in the -last month. of the contract.

Again , the evaluation of these data took a considerable amount of tim.

because of the same reasons as mentioned above. It was therefore only

0 possible to ccmput. one model surface, No. 133k. The measured and

interpolated values of tb. optical quantities of this surface which

- 
- have been used are given in Table IV of this report. Tb. best results -

for several wavelengths ar. reproduced in Table V.

(U) The best results are obviously achieved for the range

d — 570—5902. Values above 90002 could no longer be computed because

the refr~otive index thoreas.s above 7.5. We see that n.dA is always-

close to .5 with an apparent , aini~ ia arcmnd ~ooof and a slight inoreas~

I - - - 
- ‘  I 

—
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(U) towards the blue and IN. It appears that the strong increase of

0 

n towards the IN is n.c.ssary to maintain the condition n.d4~ close

to .5. As the previous computations show, - the numerical values of n

t will get small er for larger thioknesà•s but the previous valu.s do

not fit a smooth curve as the best solution here, around d — 5701, doei

• 
- (U) A graphical representation of n and k against h in I and eV

is given in Fig. 38,39, this report. As can be scan, a certain range

•of thickness results- in nearly parallel curves for n, with n inversely

related to d in order to maintain th. condition nd — AfZ. A family or

parallel curves which fit for several triplets covers a range of d;

probably within only ±10% around the best value of 5722. it wa s not

- 

possibi. to detsz’uin the exact width of this range within the time

available , however. Values above 6102 and below 5501 have not results

-
~ in aoc.ptsble fits over larger spectral regions. From the previous

computations ( see Addendum II ), it is expected that the other 5—1

surfaces will show a similar behavior.

(U) The shape of the curve foss k is rather insensitiv, to small

F T  •~ changes of 4 (actual n~za~rica1 values of k become , of course, slightll

sasll.r. With ~.argsr 4). ~he , eurv• seeme to indicate a minimam around

1 ~

• _ 
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(U) 35001, which is to be expected and would be followed further by

a steep increase due to the Ag absorption edge, in the UV.

(U) Another independent estimate of the thickness of the S—I

can be ga ined from surface 0-’21~4?; see Pig. 4 this report (for rer.r-

sues sea also Rpt. Jo. 31, Pig. 3. and pg. 5). This surface was formed

on a dielectric spacer of Ti02 whose thickness was computed to be 2001

• This surface d isplays a clear interference minimum in reflection arous

~io02. If  we take tb. usua l phase condition for a reflection ~~~~~~~~

which will apply to a good api roximation regardless of the absorbing

properties of the 5-1, we ha,.: -

• 2 Ir/J~~(n1d1+n2 d2) .11 -

- • 1 
(2.6z200+n2 62) — 2550 -

- - ‘~2~~2 — 20301 
-

- - - (U) If we take the refractive index of ll3A at that point, as

an approximation, n
53~~~ 
. 3.8, we get 

~2 
— 5352. This close corP.- 

-

lation is certa inly gratifying especiall y if we consider that the

initia l Ag coverage in 133k was 55%, while it was only 50% in 0-21i4T, 
-

0 whish waul 4 even , explain the somewhat lower value of d arrived at.

t .
~ 

-
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(U) Although outside of the scope of this contract, several.

• 0 optical constants of other photocatho des ware computed. The

following data are given

-
• - 8-3.0 Tube J o. 835

• 39002:n.’2.32 k l.0 
- 

- -

d4~~~~.ll Thickness 4.4301

S-2Q Tube No. 33—20
- - 

50501 :n .2.875 k .1e3 -
-

• d,~~~~~.095 - Thickness 4.4801

3-20 Tube No. 086

45352 zn .3 .5 8  k .56 
-

d,4~ — .105 Thickness d 4752

• - 94502 $ n 2.26 k .lO
d/h .05 - 

Thickness d 4702

~~~ - Tube J o. 103 
-

• 

- 4 53 52 s u .4 62  k..82
- dm — .10 Thickness 4 —

S-U Tube Jo.~~~3

39002:n 4.75 k — 1 2 2  
-

- 4/A rm .095 - Thickness 4.3701

6000 2 :n 3.25 k .055 
-

- 
d//~~~~ .065 Thickness d 3902

- 
K-Ca Surface Tube No. 3.1 0

L 39002 $ n — 4 J 0  k — 1 . 0 7
-
~~~~~ - 

- -
• d,#S ..095 - Thickness d .370 2

I

- 

-

- 

- I 
-
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(U) The - interpretation of - the optical data is not unduly

difficult for all other photocathodes, except the 8—1, and a

thickness arrived at usually fits well over the whole spectrum.

This is du. to the tact that non. of the other photocathodsa ,

like the 8-1 do.., comas close to the region n 4/~ “0.5 where the

interpretation becomes very difficult. Tb. ao puted value , agree

generally well with other published da ta , if any.

(11) It is planned to present more complete data in a

0 publication.

F • 

-

IV. SPACE REFLECTIVE CATHODE

(U) After the first three quarters of this contract, an ever

increasing part of the effort was devoted to th. formation of a space

reflective S—i. 
- -

(U) This was done beàause of the expressed interest of the

contracting agency, although we had made it clear that strong enhance—

ment effects in the IN region wars not to be expected because of the

already known optical behavior of the 8—3 . Specifically, any effect

r 
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(U) comparable to the 3-20 - which is nearly optically transparent

around 8O00-8500~ - was not to be expected.

(U) Th. study was , in the beginning, hampered through the choice

of Ti02 as the dieleotrio spacer which turned out to be unsatisfactory.

— Ti02 was selected because of its high refractive index of 2.6 in the

IN. It was thought, at that time, that we could add a side line and .

also impiove the performance of the semitransparent 8—1 becaus e of

front reflection suppression due to thi, high refractive index.

(U) W~ a sumed that formation of the S—I on a dielectric sub—

strate monitored for vacuum incidence response would not be very

different from the processing of the S-i on the same substrate backed

by a metallic mirror. But we observed thit growth of response and

processing behavior was quite different if vacuum incidence response - - -

was monitored. The very different reflection for the two side. of

the cathode makes that understandable..

(U) Aluminum was selected initially for the metallic backing

because it was assumed that poss ibly an interaction between the Ag

- 

- 

film and the cathode processing would tak. place. We found, however,

- - -  I -

- 

- 

- I ~35~ - I 

- 

- .
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(U) that it was impos.ibl~ to convert TI. into the wanted die].ectris

-; ff02 on aluminum without severe ‘break up’ effects.

• (U) We were not able to develop any satisfacto ry method of

• 

- 
forming ff02 layers on aluminum. We then switched to silver as tb.

- 
- backing mirros. Results ware somewhat better and we were able to

form several low, space reflective cathodes. For a description of

the best method developed for conversion of metallic Ti into Ti02,

see Rpt . No. 19, pg. 3 and Table I there.

(U) On the whole , the combination of Ag + Ti02 gave an unastis-

factory yield of usable reflectors.- In moat cases , the Ag mirror

showed a tendency to cloud upon the Ti02 conversion. All our efforts

to correct this remained unsuccessful. We therefore decided to switch

- 
I to Sic as the dielectric spacer. A satisfactory method of evaporation

was eventually developed by evaporating from a generator type SiO

source which is fi tted with a small opening. This sourc. resembles —

- a point source and good uniformity of th. deposit on the spherical

bulb type was usually achieved. ~Zhis uniformity was verified through

the uni~f oc’m, ool~r of th. finished , isthode over the .nttr. deposition -

- I I I l  I - - I . - 1 
—
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(U) area) . Through the uniform heating of the evaporant through the

T~ generator envelope, sputtering was virtually eliminated.

(U) However, even with SiO the Ag mirror still showed clouding

tendencies upon exposure to cleaning solvents or baking. Oral; after

we switched back to Al a satisfactory yield of good films was observed,

As a matter of rou t ine, the glass substrate was heated to 150—200°C -

during 8±0 evaporation. On the aluminum mirror SiO films of any -

desired thickness could be deposited , cleaned , and baked without

‘break up’. 
- 

-

(U) It should be mentioned here that TiC as well as SiC film.

of any thickness could be deposited to glass pr oper~adhered well and

showed no ‘break up’ etfec~s.

(U) A schedule of the preparation of the reflector is as fo11ows~

a. After the usual hard glass cleaning, the Ag strip oathod~

- connection i. painted onto the glass and ba ked •t 120°C for about 3. hr
F

- 
b. Alãminum is evaporated in a 10—6 vacuum to opacity.

~~~~~~~~~

- -
~ ~- This evaporation ii completed in 7—10 seconds. A mask of approximate

one-half Inch in diameter shields a portion of th. later cathode area

which can b used for front , transmission measurements. -

IU37  
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(U) c. The aluminum mirror is baked at 250°C in air for 2 hour

d. SiO is evaporated from a generator—like source to the

desired optical characteristics in a io 6 vacuum.

e. After deposition, the Sf0 deposit ii washed with 
-

•-- - deionized water, isopropyl and acetone and then blown dry.

(U) During evaporation, the transmission through the -glass plus-

310 deposit is measured through the open hole In- the mirror. At the 
—

same time , the reflection from the aluminum backing plus growing SiO

deposit is measured. Both of these measurements are done with 
- 

-

suitable monochromatic (or color) filters. The evaporation of the

310 is performed stepwise and these two optical characteristics are

measured after each step .

(U) As the optical data of opaque Al and SiO are known in the - •

IN (at lcast in good approximation) the thickness of the 3±0 deposit

can be com~uted from reflection and transmission measurements.

(U) Thesi computations have been performed and their results

and discussion. ar. presented in Addendum III.

- 
-

I — • - — 0 - - I 
— -

L ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ 

I 

- 

- I  
- 

,

—4



—

I . -

S

- $

- 

(U) The optiãal behavior of the eandwich Ag-SiO-Ag (essentially

- an interference filter ) wee studied in etepwise evaporation of the Ag

layer onto the space reflector. Figure No. Zj~0, this report, shows

the behavior of two samples , observ ing the expected minimum and turn—

• 
- 

around to higher values in reflection. For a detailed discussion

see Rpt. No. 27, p~. 7.

(U) Only when the problem of the space reflector was solved

- ;- satisfaotorily — after an undue amount of t ime and effort - could we

pioceed to the problem of cathode formation. All previous attempts

to form cathodes on subs trates with any degree of ‘breakup’ had

resulted in poor cathodes.
- 

(U) i)uring cathode formation, two optical measurements were

- made : Transmission through an area covered with the SiO layer only and

vacuum reflection of a monoChromatic line (usually 9500k). This allow.

us to compare performance and ‘thickness’ of the cathode formed on the -i

.1
0 space reflector with the semitransparent cathode. At the same time,

--;

reflection of a monochromatic line (here 95002) , is measured from the

space r41.ctive cathode simultaneously with the sensitivity at this

line. • I - - 
.

.

• _ i ( -  0 .
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Thug we ga in some insight in the formation mechanism. In

the initial stages, Ag evaporation and cesium interaction lower the

~- - reflection drastically while oxygen interaction increases reflection

(as well as transmission). The very strong sensitivity of the vacuum

— reflection with increasing thickness becomes lees and less pronounced

— 
as the cathode becomes heavier. This is, of course, explainable from

j the fact that we are getting closer to a minimum in the turnover point

- of the reflection. We have indeed, observed that additiopal Ag evapora—

tion would lead to an increase of the reflection. This behavior would

also be. shown from the two examples in Figure 1~O. Figure 141 shows a

graphical representation of the formation. • This surface #52143 is en

I 

example of the layer ca thode. - -

- -

- 
(*‘) The layer method (see Chapter III ) has given the beet yield

of good cathodes from among all the processing methods investigated.

— 

- The layer method, of course, permits , by its na ture , to observe the —

effect of small dosageá of the cathode constituents and their efreot

j upon • absorption properties of the SpRC. This method which builds Uis

thickness of the cathode up, layer by layer, has also demonstrated

L~~~~~~ 1~ - 

~~°-
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- RE DD-254 4/14/7O~~
4I~ nicely the fact that IR sensitivity appears only after a certa in

thickness of the cathode has been reached. It was found that,

although monochromatic absorption (ae a minimum of reflection) could

- 

be peaked quite clearly, this did not always result in a peak of

- • photoreaponee. The 95002 response usually peaked around or slightly

before the 95002 absorption and additional attempts to increase

absorption (usually through small additions of Ag) had, in the

majority of oases, no beneficial effects.

(U) While the evaporation of the Sf0 film on the Al mirror

- causes only slight interference phenomena , the formation of the

cathode produces sharp interference effects in reflection. These

effects are , of course, strongly dependent on the uniformity of the

spacer and the -thickness of the cathode. Although visua lly the

ca thodes appear uniform, rather large variations have been observed.

As a comparison of different spots shows, a’ certain correlation

between increased absorption and photoresponse seems to exist in the

visible range. For data taken on some early surfaces , see Rpt. No.

214, Table lI. 
. .

. 
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(U) ‘ As the layer method was established as the best wey to

process SpRC’s, it was unfortunate that optica l constants ibr this

- type of cathode had not been computed. There was , however, good

reason to expect that the layer 3—] would have a similar curve shape

for n as the semitransparent 3—1. -

(U) The equations for the reflection of Al+SiO, shown Sn

Addendum III were used to determin, the thickness d of our different -

fractional spacers (percentage of - th. full possible change of the

- • reflection). -

(U) Expressed as percent of initial reading ( 100% “ 86.5% true

~

- reflection) we get: - 0 - 
—

- 
- 

0 
- 

1/1 spacer (100 to 72.2%)- - . 

- - 8802
~• 

- 

- 2/3 “ ( 100 to 8l.S%) - 6602
-
: 1/3 “ ( 100 to 89.5%) 41402

- 1/6 ‘ ( lOO to 95.0%) 3002

1/9 “ (100 to 96.5%) — 2202
~~0

(U) Experiments -with spacer thicknesses well below 2002 and with

- 

- - thicknesses above 8002 were unsuccessful. The best yield wes achieved

with the formation of layer oa thodes on 1/6 spacers.

I
• 

-

- 
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(U) In appearance, cathodes on very thin spacers exkiibit a

silvery color (similar to an opaque cathode), the 1/12 spacer cathodes

are medium dark green , the 1/6 spacer ones are dark green, the 1/3

spacer ones are dark blue green, the 2/3 spa cer ones are dark blue—

violet, and the heavier spacer cathodes are .bright blue.

(U) Electrica l properties of -the surfacers of interest are shown

in Table VI, this report .

(U) In the following, a cursory determination of the thickness

of the 3—1 SpRO is given in consideration of the results of Chapter

IV. To this purpoqe, we list the measurements of reflection ta ken on

three good SpRC’s, No. 52107, 52110, and 52121 (all layer cathodes);

see also Fig. 42, this report; -

in )i .39~ .�O~ .60 .80 .9� - •

52107 : 28.0 
- 
3.0 10.5 20.5 12.0 9,5 16,0

52110 : 14.0 9.5 24.0 28.0 - 15.5 12.0 14.0 -

52121 : 30.5 8.5 19.0 25.5 15.0 11.5 47j t

(U) £11 of these surfaces were prooeesed with observation of

vacuum reflection ~t 1060(L All threø show a clear minimum of retle~

tion near 45352 and anothii’ ‘minumum near 95001. The exact , locations
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(U) of the minima were not established because of the few diecrest

points measured. We will, in the following assume a reflection minis

alt 95002.

(U) Processing was performed essentially to a minimum of reflec

‘ tion w ith the initial reflection of the Al4BiO given as starting pots

(U) For the mininaim reflection the condition nd .‘h/1~ should be

observed. 
-

(U) If we insert the refractive ind ices of our model surface iii
- -

this equation f or the extremes of the curves in Fig. 112 we get

- 45002 : 3.65 x d 11252 - d — 3082

95002 : 8.0 x d = 2 3 7 52  d= 2 9 7 2  . - 

-

- 

(U) Although the assumption that the 3—1 on the space ref1ecto~

will have the same refractive indices is not assured, the good agree

- 

- 
ment for d shows conclusively that they will show a proportionality

(i.e., lie on .a curve parallel to the ones shown for 113k). The

numerical values for-the extremes of course depend on the actual

numerical values -of n and k and cannot be computed without them.

H 
- • 

-

. 
-
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(U) The rather shallow second minimum of reflection indicates

that no pronounced W hump* in the spectra l response curves can be

expected and a more shallow elope of the IR response is actually what 
-

has been observed (See Pig. 43, 44, this report). -

(U) Apparently the condition of optimized absorption in the SpRC

- and optimized response of the cathode (n% olose to 1/2) are quite -

far apart and -this may well explain the inefficiency of the absorption

I.
as the intensity distribution will, of course, not be the one outlined

for the semitransparent S-i in Chapter VI.

(U) Future efforts in space reflective mode wiU have to be

directed towards correction of this inequality.

VI. THWGHTS ABØIT A MCD~~ OF THE 3-1

(U) Prom all the work performed, th. question arises whether it

- 
- is possible to develop an explanation for the peculiarities of the S—i

photoeurface. -

(U) The simple sketching of a bend model would explain very

little because the values would have to be rather random without any

theoreticçi f ounda tion. Such attempts have been made repeatedly in

I - 

- 
-
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(11) the literature and have not been able to give a satisfactory

theory. This is in contrast to the family of alkali ,antimonidea

I 

which can be approached through tI~e usual solid state methods.

(U) In order to understand - the difficulties, we will first

enumerate the differences between the 3—1 and the alkali antiinonides :

The 5-1 is the only photocathode of importance which shows optical

absorption into the IR. In some of our measurements, absorption has -

been shown to exist as far out as 1.6 microns. Numerical values of

- this absorption may change from surface to surface accord ing to thick—

- 
- - - ness and processing. The fact tha t optica l abs orption ta kes place in

I 

the IR , of course, is the factor-which permits some photoelectric

conversion to take place in this region. (In this connection, some

sources in the literature claim that very weak photoelectric emission

I in the 3— 1 has been observed as far out as 1.7 microns.) Thi s is in

sharp contrast to the alkali antimonides whose absorption goes to zero

around .85 - .9 microns. 
- -

-

- 

- 

~- 

- 

( U ) .  ~~e optical absorption in the IR appears to be preordained

-
• in the Ag base. As our investigations have shown, the Ag base layer

I 
. 

.
t 

I

~ 
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(U) itself has absorption in the IR (in most cases proven out to abou l

1.2 microns, sóe Fig. 13, 14) in the thickness commonly used in catho~
- 

- 

prepa ration. Numerical values of this abs orption again vary with

- 

preparation technique and thickness.

(U) In the Sb thicknesses used for cathode prepara tion, to the

best of our knowledge , IR absorption above .9 microns is rather sma ll.

(TI ) In cathode processing, the IR absorption increases strongly

• in the case of the S—i. Numerous examples have been given under the

previous effort, A)~~—136(~’) , see also this report, Pig. 35,37. In the

processing of alkali antimonides , on the other hand,- no IR absorption

develops. -

(U) It was, however, observed that IR abso rption as well as een~

j . sitivity were dependent on attaining a certain thickness of the cathod,

film. The remarkable fact was uncovered that it made no difference in

- 
I which manner this thickness was attained; that means the constituents

of th. cathode could be varied to a large extent. The observation of

layer cathodes made it possible to observe this quite cle arly . Thus,

it was possible to obtain IR absorption and sensitivity b7 depositingH - - 
-

- 
- 

“147. 
-
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(U) heavy Ca-0 layers on very thin Ag bases or depositing Ag—Cs layers

with minute amount s of 02; or, depositing heavy Ag layers with relative

- 
• - - 

• small additional changes through cesiation. 
-

(U) An other fact is the quite large difference in the reflection

and transmission of the S—i versus the alkali antimonides . While in

the alkali antimonides the reflection into the glass substrate is in th •

range of 35—45% in the region of high absorption~ with values declining

-
- 1 . towards the 1R1 and the corresponding vacuum reflection i.e in a regular

- 

fashion higher in dependence on the absorption coefficient; the S—i

shows the previous ly discussed behavior of very low reflection into the

glass (
~% - 18%) with very much higher reflection into the va cuum.

- (U) These remarkable properties-tend to support the theory that -

— 
- the IR response of the 8— 1 is very, much dependent on the achievement of

• a certain optical condition. Thiø has led us to concentrate a great

deal of effort On the determination of the optical data and constants

~; of this surface. In the course of this investigation, we were also abl.

to investigate the other photosurfaces and to draw comparisons. Reliab

optical measurements of the S-i in the IR are, as best we could

- 

determine, not available in the iitera ture. -

-48— - :
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(U) The optica l effort resulted in the determination of numerical

values of the optical constants for a model surface which can be

considered typica l for the S—i . -

(U) The interesting fact was established that throughout the

computed range (.4~i to .95)1), the values of n% had to be very close

to .5 in order to explain the optical performance of the. S—i. This

resulted in very high refractive indices for the IR in order to

maintain this condition with decreasing d//i~, see Fig. 38,39.

(U) This condition results in an intensity distribution in the

cathode which will be shown later, and- which is quite different from

the one encountered in the alkali antimonides where n d/h is much

smaller than .5, especially in the IR. This intensity distribution

has also accoun ted fully f or the differences of vacuum - and front

absorption as well as the ratio of vacuum-to—front incidence response.

Some of the thoughts which enter into this mode l have already been set

forth in the Fina l Rpt ., AMC— 136(T) , pg. 36—43.

(U) We quote from there: eThe ZR levels which are created

through 02 doping seem to be very close to the vacuum interface of the
- 1

- 
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(U) 
- 

surface , -whi le the states responding to the shorter wavelengths

are probably distrib(ited through greater thicknesses of the film.

This hypothesis is supported primarily through observation of a slump

and aftertreatments....

(U) The IR response seems to emerge from layers of the film 
-

which are close to the vacuum interface. It seems tha t the f~arther -

towards the ZR we go the thinner the actual photoemisaive thickness

becomes”. -

(U) The following ma thematical derivations are bee-ed on these

thoughts which requ ire the exis tence of a suitable probability function

which governs the effic iency of emission due to the intensity

dis tribition in the films -

I 
- rj~ t~ Presnel coeftiôients - -

Pc ~~~~~~~
i t  - 

n~-ik \ A \ / \ / ~~~~ 

d
\ I i

\
- - 

- 

- 

~~~~4m

- 
- - -  5° 

- 

—~~- , -~~~~ ~~~~~~~~~~~~~~~~ 
-‘

~~~~~~~
-
~~~~~~~~~~ —.—- - 
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(U) We cons ider a wave or unity amplitud e (E0 ~ 1.0) in norma l

incidence from n2 1.5 (P1) upon the boundary Z 0. Because of normal 
-

incidence, which simplifie s the computation and shows all significant -

characteristics of the solution, the difference between the polarized

components of K~ and B5 disappears . Very similar derivations apply to ths

cas. of’ vacuum inc idence (VI), -

(U) The summation of the. waves travelling in the negative z dir’ectio~

results in Eb) — t% { I - I r ~ 4- (~ i~
’; ~.j - 

- 
- 

-

in the positive z direction in 
- -

: - -  The appropriate phase change for moving from z = 0 to z inside the film -

~~ 
e ’6’~ . = ~ -

~~~~~ ~~~~~~~~~~~ 
- -

Adding the appropria te phase changes,- and summing the terms- shown above

results in - 

-

-
~~ Zt~r~.&~~EI — i~ t~~~ t(~r ) 1

~~~ f

where ~~ ~~ — ~~~ -~~‘-~~~‘ 
- 

- 

- - -

•

~~~~~~H 

- 

-
- 

- . 
.

-

-
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(U) This leads after summation of the geometr ical series to the

complex eleotric field vector -

— VI 1) 
- 

~ t% r2.E ( aj a  -
~~~~~

I + I 

-

which gives the field in any point z in the film. It can be shown tha t

this solution fulfills Maxwell’s boundary cond itions at both boundaries

z = 0 and z = z
~
. All more explicit calcu~ tions and proofs will have —

to be given in the publication of these f indings. -

- - (U) The Int ensi ty inside the layer fl1, k1 is giv en by
- -

- 

I 
(a) - ~~~~ (E~~ E~~ )) 

- 

- 

-

After cumbers ome computation s we arrive final ly at the intensity

- 
- distribution

- 

- vi 2) ](
~ 

= 
[()*Q1~ b~J[€ ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~

- - 
- 

-

- in the cathode f i lm. Here .~

- ~,~~
z 2..5K 4/) % -

The denominator N is a constant, given by the thickness and the refrac

- -~ I 
tive indices.

k t  -

- 
—52— 
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(U) a~~ b1, ~2’ 
b2, A,B,C,D are the wellknown coefficients which

determine the optical behavior of the film. They have been defined in

Rpt. No. 12, pg. 8,9. There we find also the expressions which define

the reflection and transmission of the cathode film.

For incidence from the vacuum we find the appropriate ooefticients

~~~ ~~ ~~~ 
: 1 = —a1 

‘

~~~~

- 

~2 
82 ~2 

-b2 -

Note that a wave of unity amplitude coming from the medium 
~ L = 1,5

: - 

- has the energy : B2 = n2 x(A2)
2 

1.5 —

~~~~~ 
— while a wave of unity

amplitud e coming from n0 = 1.0 has the energy B0 1.0 x(l.O)~’ 1.0

Of course , we obtain the numerical value of the transmission from the

solution I(z = to - 

- -

I 
- 

T0 
— ~~ ~~~ ~~t~) ~ - 

I U)  -

A simi2a r expression thófl applies for vacuum incidence. 
- -

- (U) The solution consists of three 5wavea5, one going in the

negative a direction ~ 
~~~~~~~~~~~~~ ) , one going in the positive a

direction ( ~. 
~ 

,) and the third term which is the interference

term. - 
- 

-

-

, 
-53—
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(U) This intens ity distribution has now been evaluated for the 
-

(IFM~known n , k of the S-lVat several wavelengths. The case of 8000A is

shown as an example . Because of the large computationa l effort 
-

involved , approxima te values (n = 6.75, Ic = .60) available from the

computer program have been used. The intensity distribution for glass

inciden ce is as follows: (All numerical values refer to the model
surface l]3A)

= 0 1(0) = .495 
- 

- Glass Film Boundary

= 1/4 1(1/4 ) = .219

I = 1/2 1(1/2 ) =~ 
-
.037 

- 

- 
-

= 3/4 ‘(3/4 ) = .248 -

= 1.0 1(1.0) = .436 Vacuum - Film Boundary

Transmission T ~~~~ Lf
~ 

(p ~

.5 -

.4 -  - 

Ft -

~~~O 7 4~~~~~~~~~~~~~~~~~3/4 h0

-? —513— 
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(U) A simila r distribut ion is found for the vacuum incidence:

1(0) = .215 - - Vacuum - Film Boundary

I(1/2~) =  .108 
-

I(l/2)= .026 -

- 1 3/li) = .110

- 
- 1(1.0) ” .196 Glass — Film Boundary

Transmission - T .2C~ 
-

The values at 1(1) result of course in the seam value because the

transmittance in both directions is the same .

(U) We can see the important fact that, regardless of the absorb—

ing properties of the film, the intensity has again a ma ximum at the

boundary a z1. The absorpt ion can be computed from the numerical 
-

-

values of the three wave amplitudes in the bracke ts of eq. VI 2) .

Negative a wave: A(p) ~ e
” e’

~~ — 1.70 ; A(i) 1~O

- 

Positive z waver A (O~ 
Q~ fb ~) — ,32~ ; A(s) 

-

I 
-

- 

Interference from : ~ I.~I ; AO) IM~

This third term results in energy retained in the interference pattern

which has to be subtracted. 
- 

- . -

r

I * 

- 

- 

S 
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(U) The absorption in % of unity incident energy is now given by

— 
(I+~ X+6~ C (i I.’7 0 — I.OJ + s~—.~~ t — (IM2— I.~IJ) —

~~~~ 
.5(, - 

-

The accurate value f or 8000k, computed with the accurate n, Ic, results

in .59, which is a fair agreement.. -

The ana lgous calculation for the vacuum incid ence results in

~j *~~~~~12i. 1:~ ~~Ot~
0_ 1.oI+ ) L ~o_ ,2hf( _- I U7 I501J)~~

— ,O~~~~I O t I x . ( o O d .Lf 2 -
-

* Again a fair agreement is reached as the accurate figure is .415.

We can see thus, that this model is capable of explaining the large

differences in vacuum — versus glass incidence absorption.

(U) Because of the condition n d/A ~~.5, similar intensity die—

tributions are observed for a 11 wavelengths and similar agreements have

been found (the specific example of A 4600g has been computed).

- 

- (U) The photoelectron produotiàn - Lpb (1) at any point ~
- 

is given by Lp h (~~
‘) ‘~~ I(~’) f) (i:)

• -
, ?‘1~, Conversion factor independent of /~s

- p(s) Probability of emission 
- 

-

—56— 
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(U) J3eoause of the d ifference of vacuum — and glass incidence, the

two probability functions will be different. Assuming that p(s) —

at the vacuum boundary we get 
-

_~~v(i,ic~ -

VI 3) Va cuum :

— IVi 4) Glass : )~ 
(~~ ~ h- € - 

-

if we select, as usual an exponential dependence. -

(U) The following table gives some numerical values for escape -

probabilities for VI and Fl.

- F=l.0 F=2.0 P=4.0 -

— 0 VI 1/2 1/2 1/2 Vacuum-Film Boundary -

Fl .~L84 .067 .009 
- 

Glass-Film Boundary -

I — l/1~ VI .39 
- 

- .30 - .184 -

Fl .236 .11 .025 
-

a — 3/~ VI 
- .30 .184 .067

* 

- Fl 
- 

.30 .1814 .067

l= 34 4 V1 
- 
.236 .11 .025

Fl .39 .30 .184 - 

- 

- -

-

~ 

- 1 1.0 VI .184 .067 - -.009 Glass—Film Boundary

Fl 1/2 1/2 1/2 - 
- Vacuum—Film Boundary

of course the thickness of the “effective active” layer decreases -

-

rapidly with increasing F.

- 

- —Si— - 
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(U) The total photoelectron production in the film is now given by
2~I

~~~~~~~~~ 

- 

- 

-

- Because of the two different probability functions , the results of the

integration are different for VI and Fl.

V1 5)

— 

- 

_ _ _  
I 

- 

(eL~~~~~~~~~~~~ J 
#

~~~~~

V1 6) -

~~,vI

Here N, N are the multiplying factors. - 

-

I As the photonelectron conversion is an elementary process, the intensity

~
- I should be expressed in photons: - 

~ 
L~f ~ j cs

t
~
o
~~~~ 

- -

H 

- ~~~~~~~~~~~~~~~~~ ~/cwc?¼~ , 
- 

-
- 

- 

Number of photons N,

- S 
- 

-

I ’  - . 
- - 

-
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(U) Then we get

N - ~~~~~~ 1” t’.j~ •C 0.

M ~~~~~~~~~~~~~~~~~~~~~~~~ —

(U) Numerous calculations have been made to determine the value 
-

of i~~ at several wavelengths for the model surface ll3A. The-abeo1ute~

sensitivity and the ratio P1/VI had been determined on this surface

with a fair degree of accuracy. The following values are listed:

inp .39 .1.i� ~~~ .60 .80 .90 .95 1.06 
-

Fl (m *f t t)  : 2.35 2.30 3.30 420 5.20 3.50 2.15 .70

PI/VI : 1.36 1.31 1.35 1.44 1.44 1.44 1.42 1.45 
-

(U) Any worthwhile model mist be able to explain these two da ta. 
-

(U) Besides the peak sensitiv ity at 8000k, we se1eo1~ed two pairs
r i -

with equal sens itiv ity for the computation: -

46002 :~ . 5350k :
2.4 mA/%J 3.5 mAJ ~rI -

-

9400k : - 9000k :

(U)- For F(d~,k) 0, the following values were computed in relative

units: 
- 

-

11$: 
. 

. 

- 

-
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(U) 8000k i — 3.20 
- 

- 

- -

phPI FIfth 1.42
- 

- iphVl 2,25 - - 
- 

-

- 
- 9000k i = 4.50 

-
PhFI . PI/VI = 1.50

~phVI 3q00 -

4600k i — 1.914 
- 

-

- 

- - 
- 

ph? PI/~VI = 1.37

— 

- iphvl — 1.42 
- 

- 

- 

—

(U) While the ratio PI/VI has the right magnitude, the photosen-

sitivity does not show the spectral response shape at all. This is of

course to be expected from the known fact that the absorption and the

pho toresponse are not related in a straightforward manner.

(U) We are thus forced to introduce our assumption that in -the 8—1

different layer thicknesses contribute to th. electron production. This

concept of course is introduced through a suitable selection of the

factor P(h, Ic) in -the probability function.

(U) It is obvious tha t this probability function will be a rather

complicated function because it has to explain the drop of sensitivity

towards the high energy photon end of the spectrum as well as towards

the low energy photon, infr8zed. - 
-

(TI) Much computational effort has been applied in order to determine

the governing function and a partial suocess was aohisved. 
- -

S --ow— -
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(U) The function F( .,  k) must be of the form

F(i~,k~ —C [~~~ E~)K
+ 

,~
M

where E0 is the threshold energy conv en iently expressed in eV. This

satisfies automatically the condition with vanishing iph at E0 and for

k ~ 0. For the model ll3A , the threshold E0 ~~~~~
‘ 1.0 eV~ In the deter-

mination of the threshold we have of course, as usua l, a certain amount

of ambiguity. After several tedious trials, we arrivea at a runction

F(A,k) which explains the slope of the infrared and blue response and

the peak at 80002: 
~~~~~~~~~~~~~~~~~~~~~~~~ 

~~~~~~~~~~~~ 
+

- 
- F (4600k) = l1~4 -

F (53-50k) = 5.50 -

F ( 80002 ) = 7.70 
- -

- - 

- 

F ( 90002) = 22.1 -

• (U) The constant was normalized for F = 1.50 at 8000R. The ohoic

of this constant is one of the factors which can be used to improve the

fit to the spectral response. We then get:

4600f P.2.25 — .85
V Ratio FIftI — 1.36

- 
i~~~~~~~~~~

1 
— .625 

. 
—

53~ ok P .1.05 i~~~,1 — 1.165 -

- 
p Ratio Pt/Vt — 1.385

— .840
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(U) 80001 F • 1.50 hPt — 1.805
- 

p - Ratio Ft/vt 1.42
- 

- 

iphvl — 1.270 
-

90001 F=4.30 i , = 1.285 -
- -~ phP~. - Ratio P1/vt ~~~ - 339~ 

-

- 

- 

iphvl — .92

With a conversion factor of ‘
~~~~~~ = 2.9 mA/%i we get:

- 

46001 : .85 x 2.9 
-
= 2 .47 mA /bl 

-

H - 53501 : l.165 x- 2.9 = 338
8000 1 : 1.805 x 2.9 = 5.23

- 90001 : l.285x 2.9 3.72 “.

(U) Although the fit is not ideal, it shows c]early the general

shape of the response curve with the peak at 80002 and the skirt values

in the right order o~ magnitude. The function F will also account f  or

the valley at 40002 - 45002, which is followed in the UV by the known

strong increase of photoreeponse, because F will become quite small if -

Ic inoreasea again to higher values in the near UV. The other parameter -

- : PI/VI also shows the right magnitude. -

(U) Improvem ents could be expected with more accura tely defined

probability functions but it seems that the general character of these

F functions is sufficiently well described by our definition, since the -

numerical value of P will also change from eurfaoe to surface.

f —62—
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(U) It seems thus assured that the optical characteristics of the

- S—i are a determining factor in its response. The fact that the rield

-; 
- intensity always has a poak at the vacuum—cathode boundary apparently

• I makes lB response poeaible. The probability of escape from any useful

thickness, which decreases rapidly with increasing wavelengths,

determines the shape and magnitude of the IR response. -

- 
- 

(TI) In this connection, it is interesting that the 8—25 with

- 

infrared response comes about with a thickening of the 8-20 and may

- thus also come closer to a condition n3~/~ for .~ .

- 
- 

(U) Of coursb it would be of great interest to extend the idea of
- 

-

- an intensity—based model, determined by the optioal constants of the

surface onto the other photocathodes. It appears likely that the

spectral response of the other cathodes could be explained in a manner

similar to the one outlined for the 8—1. -

- - (U) These laboratories have measured optical constants of’ aU

types of photocathodes of interest , as well as, in most cases, the ratio

— pt/vt and would welcome the opportunity to pursue such work in the futu

H
- 

- 

- 
-
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TABLE IV

CORRECTED VADJ~S OF THE FRONT REFLECTION VAWUM REFLECTION Ru ,
MW

TRANSMISSION T F0R”~ flE MODEL SURFACE 113A

-~~~~~~~

3900 6.0 13.0 70.5

4000 
- - 6.4 13.8 69.0

4200 7.3 3.5.14 
- 

65.9 
- -

4400 8.3 17.3 - 62.5

4600 9.5 19.3 59.0

4800 10.9 - 
21.3 . 54.8

5000 12.1 
- 

23.3 - 50.3

- 

5200 13.2 - 
25.4 45.8 - 

—

5400 - 
- 

- 14.0 27.2 
- 

41.8

5600 34.7 28.7 38.4
- 

- 5800 , 15.2 30.1 35.9 -

~~~~

- 

6000 15.5 31.2 
- 

311.1

6500 15.5 - 31.6 32 ,4
7000 34.8 31.3 - 29.8

7500 13.7 30.’? 28.6

8000 - 12.5 30.0 28,5

- 8500 3.1.6 29.3 29.7

- 1 
9000 10.9 - 28.7 31.6

9500 10.4 28.0 33.3

~~ - 
10000 10,0 27.1  34.8 - —

- - 
- -

- 10500 .9.6 
- 

- 26.1 36.3

-~~~~ 11000 .9.1 25.3 37.7

4 3.1500 - ~8.5 24.4 39.,1

12000 8.0 23.4 40.3
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k 

S A oomp~toi’ program has now been 
received through private

communication and will be evaluated. In order to establish the

optical data of the cathode proper, to2~nulaa for the abov e—
mentioned correction have developed. 

. S

S The computer program gives the following three quantities • 

S

4 

for the single tim , which are eaaentia3.].~ equivalent with tb oee S

S 
of Rpt. #36, Pigure 9• . 5

. 
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I .
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Refractive Indices: 
S 

.

n0 = 1.5 (Glass); X3. a — ik1 (absorbing medium, here
S 

. . 
S 

the photocatbode)
. 

. ~2 l.O (Va cuum)

S 
S 

d3. = physical thickness of the absorbing 1a75r.

‘Wi th these definitions Rp~, RVC , Tp0’ . become respectively S

the Pront or Glass reflectivity, the Vacuum reflectivity, and the

Transmission In % of an incident light wave A of unit intensity in

: the medium n0 (Glass). 
S 

S

S Actually these intensities are not measurable as we can

measure only quantities in air, incident as well as emerging.
S 

• Thex’etoroc , a correction has to be made to account for the air—glass

interface. Pox’ exemplification, see Figure 20 of this report. •

S .  
S 

•
• S .

:. Percentage of light reflected from the air.glaaa
S • 

S 
interfaca~ . .  • 

, 
S

5
I 

‘:. ,‘ • i  ,~~~~~~
‘

. 

• . 

•

S 1
~G. = {n0

_n
~~ .~~ •~~~ . 1 

•

• 

, 5 

‘

S 

‘ 

‘
‘

‘

. 5 •~~~~~~~~~~~~~~~~~~5 5
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The computer values Rpc, R~0, T~0, are the % of the amplitude

• entering the glass~ : 1 - Our recorded and measured value of front
- 

reflection 

~

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

S 

• C E~ ia a factor due to the imperfections of the Ag mirror. This

- 

::, factor is wavelength dependent.) Similarly for Rv, T~. (See, e.g.,
S 

Rpt . #21, p~a 7—8 and Figure 21&). This gives in first order approxi-

mation: S 
• 

5 
5 5 5

• ,

. .. 
~~~~~~~

. 
, 

( IV) 
. .f~ : . where R~, Rv, T~, are -

I the measured values.

t ‘ 
• ( V )  vc. ‘~ v - 

•

t 

(VI) T~~~U— r ~T?

‘ 

‘ 

-

. 

S S

I ~ • If we consider the second order reflection on tb. air—glass
5 

. 5

interface we have: 5 
5 5 

5 

5

-

H
R~ =

i. • . . 
S 

• 1 . .

I 
_ _  
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• R E’ D D 254 .4/ t 4/7~Because of the very small terms of mostly third order
~5 involved, we can replace’ Rp0, RV0 , and Tp~ by R~, Rv, and Tp in the

second and third equation for simplicity’s aa 1~e. So we fina lly’ get:

(V~I) ¶~~ = C1+2% ~~

~Y”~ ~~ Ct ~~~~~ 
. 

S 

S

• 

‘

. 
~~~~ ~ ~~~~~~~~~~~~~~~~~~ ~~~~ ~~~~~
These equations will now supply the values which can be used

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

5 .  5 ’ 

5 
5 

•

~~~ S~~~

S S S

~. 
S ‘

• •

~ 
S S • S S

i .

4 P
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~

S 5 5 5
• 

•

S • 
• In the following we shew som of ~~~ tentat ive re sults5 on the 3—3. and related: 

S 

S

5 5 

5 

‘ Tube Wanted Triplet ‘

No. Rp, Ry, T Best Trjplet Pit 
_ _ _  

Ic ___

S 
ii 

~~~~~ (See Rpt . #15, Fig. 13) Rubidium processed 5-1 -

S 

A— 60001 (.12, .26, .365) (.117, .261, .366) .195 .198 - 4.925
S 

, • This ’ is a very good agreement. Now th. same thickness d 117CR

S ~~• S is tried at different A3 .  4 5

‘
~~~~= 936CR (.103, .21~, .355) , (.10’, .242, .35) .125 .45’ ‘ 3.55

PS 
S - 5 

5 (.105, .235, .355) .125 .37 li.35
This is a typ~ioa1 ease of two possible solutions. S

A— 1017CR ’ (.095, .215, .1~4) • S I

• 

5 .115 .33 5 3.75
S .3.15 .27 4.65

A— 1134CR (.085, .~2O, .1~9) (.08”, .205, .49) .105 .33. 4.1425
I ~, • As we see, the curve top ~ is not at a13. smooth. The shorter wave—

I . lengths even demand an ~ > 5.0. However , aU poasible tr iplet S

I solutiofls lead to a sirni lar thickness. S

5
5 

~~~~ ~ o (Se~ Rpt. #15, Pig. 12) . 

‘

:
,, 

•

S 

‘ A — 115001 ( 135, .23 , .5~5) (.133 , .23, .~~) .10 .20

Thickness 4 — 3.1501 • S S

S 
- 

This thickness does not give a good fit at other waveleng th s

with~~ > 5.0. S 
, ‘

~ - • • , 
‘ 

S

‘A- 82101 ’ (.155, .305, .31) ‘ (.3.5~, .28~ .315) .34 .34 4.10
A— 65701 (.165, .340, .265) (.16%, .30, .265) .175 .38 345

Short.r ’wavel.ngths become ver y poo”; probably solutions ~> 5.0
are req uired.

a •

~

• ,1_ 

p

F 5 5 5 . - S 
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I ~~~~~ Wanted Triplet R E~ DD.254 . 4/14/709
No . 

- 
F’ V’ Best Triplet Pit d/A. Ic 

_ _ _ _ _

‘~~~~
___ 1’

~
2r (See Rpt. #15, Fig. 3.].) - S 

‘

S 

•‘/
~

— 105001 (.05, .165, .485) (.049, .169,. .405). .3.25 .295 3 ,75

Thickness d = 3.3002 
. ‘ 

• S

A— 65001 (.070, .225, .375) (.080, .19, .37” ) .20 .28 3.5
S 

‘ , M 8125R (.055, .185, .43) (.057, 2.8, .113) • .2’~ 3.43.

but also a better second fit for S 
-

~~~~~~~
‘

• ~~a 65002 (.075, .225, .375) ( .075, .226, .373) .20 .205 4.92

~~~~~ 

lilA (See Rpt. #15, Pig. 9)

This has been moat extensively computed. The best data are
• selected below. 

. 
S ‘ 

.~ S

S ‘ 

One triplet haS been fitted to the ’ll500R data. 
S

‘As’ 115002 (.085, .24, .39) (.085, .237, .394) .0911. .40 
‘ 

4.0 
.

5

Reau1ting in d~~~1080R 
‘ S 

‘ 

S

S 
•• This thickness ‘fits down to~~~9800R S S S

S “A . 96202 (.10, .27, .345) (.105, .265, .340) •49 4~3$
S 

s S However , the Ri) values become too small for still shorter ‘ 

S

S 

wavelengths. S ‘ ‘ 
S

‘

~ S 

‘ 

/A  966CR ( .105, .28, .33 ) (.3.$, .255~ .33): .115 .50 3.92,5
S • 

• ‘And the agreement gets wcise ~znti1~~~5750R. Here again we get ’

. /~~ good fit. 
‘

;
,5 5 5~~~~~

i , ,

‘ . S 
• S

• . 1— 57502 ‘ ( .150, .295, .36) ( .347, .29, .36) 
‘ 

- 
.20 11.75

~i A— 56001 ( .345, .285, .38) ( .345, .285, .38’) .18 li .75
‘
~~~~~~~~~ we fit tri plets to other wavelengths, similar thicknesses

-
. 5 

. 

. result , how.vor with slightly’ different ~ va lues.

t 
— ‘. . — — 2—

— ‘~~~‘ S S S
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ADDENDUM XII 
5_~_~~~~~~~~~~~~~~ - —

5 R E • . DD:254 41l 4/ 70~~
(U) In our case, th. following two optical data are measured:

S S 
S S 

S
5 

S~~~~~~~ S I 
_ _ _ _ _ _ _ _

5 
‘ . 5 ’

S 
, , S

/ /~~/,~~~~0

S fl ,iv l,0 , : ‘ 
, /

- ‘ S 
‘ /

S ‘ S 

S

• S Transmission measured Reflection measured

S 
- 

(U) . We aesume that the SiO is transparent in the red and near -

S 
infrared and has a refractive index of n3. — 1.8. Th. optical óonatants

of th. auba trat ~aa Al, Ag at th. wavelengths at interest are :

A]. Ag _
~~~~~~~~~S RA1 ___

n .40 , 
• n . 0.065’ 91.0% 

‘ 

95.6% 
5

I c — 4 . 0 0  k 2.].8
S .. S S 

. S • S
. 

I ,
5. 5 ’ .5.

• ‘ ‘
‘ 

• 
• S 

S 
‘ ‘

S .
.

S 

, BOO02 . n 1.99 . ‘ n O . U . • ’ 86.5% 98.6% . .

k 7.05 k 5.4l

95002 n 1.75 n — 0.3.3 90.0% 98.8%
k 8.50 k— 6 . 4 8

(U) Tb.. n, Ic values ar. from G. Hasa, JOSA, Vol. 51, p. 719.

• S • • (U) .
‘ The retlectanoes R are computed from - the equation S

5 
5 . 

5 5
’ ; 

5 
‘ ‘ “ .  

S 
‘ S

S 

•

(3.4n2) 4 k2
S 

. S ‘ S 
4 .  

‘ 
S • S

S S~ 4. 
5 .
. 

5 5

L.  -_ — 

-1-
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RE DD 254 4/14/7Q
(U) Unfortunately’, RA]. has a mini~~~ a~~und 85002 ‘ ‘ 

S

• 
a 

~~~~~ 

~ 86.3% 

. 

. 

$

(U) Paz’ the reflectance of the composite A]. and SiO , a more complicated

toz’azla sppli.s S 
5 

5 

•
S

5

S 

— 
~~2 + ~~~ ~~~~2’) + A cos(2S’i) + B ain(2$j) 5 

5 ( )
•

5~~~ 5 . 2.~~~g1
2(g2~~+h 2

2) + L o o s ( Z ~1) + ~B .inC24j 1) 
~~

‘ 

:

(U) Hare ia~~ 3. - ZTn3 i’—
S fl~~~~~ fl 1 

‘ 

:
“ S

—
5 

, 
S (n1 + n 2) ’ + k2 ‘ 

~~~S
5 

5 
5

A — 2 g1g2,

H 
S 

S B~~~~~2 g1))~ 
5 5

(U
’
) Per ‘a tranapar ent film o n a  transparent subs~trate, this reduces to

— s~ ~~ 2? + ?glg2 aoa(~~~~ ,
~~~ 1.Transmissicr* (2)

3. i g3 g22 + 2g3.g2 ooa(2g~,)

S .
. 

5 
.
~~~~~.• .5

—2— 

•~
5~~~~~~~54_55 5 5

~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ ~~~~~S- S 
S S S S
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R E 0D254 4Il4i7O~
5 (U) It we first consider th. system Glasa”SiO, we bave • ~

‘ S W

S •
. 

8
~~~~~~~~

’
3.’ .(~L.8 1~~ — -.2861 (2.8)2

— .091
S (3~~)2 S

I a — 
,082 + .008 - .052 x ooe(2~1~ -

s , 
•

S S 5 
5 

.
‘ 

5 ‘1 — .052 coe(2~,1) 
S

S . (U) The maxima of R az’s given by. ooe(21’i) — -1 — .153

(U) Tho ainima o.t R az’e gi,en by ooa (Zh) — +3. R~~~• — .04

Por cos(2~ p) 0 R — .089

(U) Asar itming tra nsparency of the SiO deposit , the measured transmission
would swing from 96% to 84.7% (firat minimum) and back again. ~~pr.ss.d

-

. 

, a. percent of initial reading, we expect th. transmission for th 80002

S S and 95002 lin, to vary frcm l0O% to 88%’. ,
S 

— ‘(U) The thickness for th. extreme tran smission readings can now be
• 

S

easily computed from . 
‘ 

S 
,‘ 

•

2~1 —~~ 9 n idi~~~~~T

I 

2~,1 .~~~L n1d1 a o , 2T

I (U) W. g.t tbua; for A — 8ooo2 d1(R11~~~ ) — uioZ

1’ d1(R,~~~~) a 22202 (r.sp. oR)

‘ 95002 . d3.(B~~~•
) — 13202

1 1  
•

~ 

—

— 

-

- - 

.‘~~~ ‘ 
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I S ~~E OD .254 4/14/70
(U) The values actuall y measured for thos e two lines on stepwise 

~~~~~~~~~~~~~ . I
S 

of SiO conform reasonably to those calculated limits of
change. We have nev er deposit.d heavier layer. than those correspond— S

ing to the second maximum (2~~ — 21i). : ~

,
S 

S

5 (U) For the case of the reflection on Al (or Ag) vs have to usó the

S 
formula (1). ‘ S 

‘

, 

S 
~
, 

S

S 

S 

‘ 

,

‘ ‘ .85 ’+.45 oos(2~1)— .23 ain (2S1(U). For Al: — 80002 gi~~~~.28S

S 
• • 5

’ 

‘ n0 . 1.0 82 ’~ 785 5 

, . • S ~. • . .

S :~~~~~~_ 1.8 h2 — .397 5

.

.
’ 

•
, 

‘

n2. a 2.O , A .447 ’ . •
S

S

. k2 — 7 . 0  B — .226 •
~~~~~~~~ 

‘

S 

‘

~ 
‘
~ The maxima and minima of R are gSv.n by th. maxims and

S 

minima of ~the function, : - 
S 

S

(U) P(y) — sy — b.jj . .y~ i4iere y — co.(2~~)

(U) 

,
•
~ The calculation show. — ± 3.

• (U) With these . values for 2~i we get ~~~ — 62.5% . ml initial

S 
reflection without film is 86.5% as shown before. Again expressed as
perce nt of initial reading, the swing would be from 100% to 72.2% for

S 
the tirst and followlng miniaa. . • 

S

(U) In the sp oifio cas. of our example : sin 2~~ • .62
• S • 5 5 ,

• S~~ •
S OO5 2~~3, 

_ •79
/ 

U1’ICIASSWIEQ

4 _ 4555S_S 5~S 

— 

_4_ 
‘
4 

‘
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~~~~~~~ iPU~RE DD-254 4/14/70,~
S ‘ (U) It follows that ~~~ .2.46 or d3. — 80002 — 8802 for the

I S 

S S firSt mini~aam

(U) For 95002, a similar Calculation yields d1(sid.n.) — 11372

t . (U) The reflection minima on the Al substrate occur approximately at
‘ 80% of the thickness which results in transmission minima, in the glass.

S 

(U) Again the expeot.d variations of reflectance have been observed in
• , actual measurements. Pox’ example: 

S

Aibe No. 5266 —. Reflection 80002 :S 100% down to 69.5%, then ~~S S ‘ • again to 94%; estimated 15502.

Tube No.’ 5268 - Retlectio~ 80002 : 100% to 75.5% then up again to
• S 5 96%; estimated d1ri 3.6502.

(U) The expected s1o~ oha~ige of R ‘around the minima and maxima has
S ‘ also been observed. S S 

S

(U) A similar computation for the Ag mirror leads to a much smaller

I variation of reflectance. For. example, at 95002, the reflectance

S 
changes only from 98.8% to 96.5% for a similar thickness . Thi.
explain. th. difficulties thioh we encountered in observation of IR

S reflection chan ges on the SiO+Ag. .

(U) In the blue region, the SiO film exhibits consider able absorpticu
5 

5

,. 
(probably a3so .a much higher refractive index), and the above given -

• equations can no longer be used. ‘

.
, 

. 

“ 

.

5

I 

~~
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