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INTRODUCTION x

(U) This final report summarizes the research effort from
July 1966 to June 1969 under Contract No. DA-4};-009-AMC-1811(E)
which was e continuation of a previous effort from May 1963 to
June 1966 under Contract No. DA-unyO9qAH07136(T). |

(U) As in the above mentioned previous contract,’gye primary

interest in this investigation was directed toward practical gonlo.'§

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

the luminous and infrared sensitivity of the semitrensparent S-1

. 4

and suppression of its thermionic emission.

.

(U) In the last third of the contractual\period, the effort

-uhs shifted to a practical study of formation and performance of

the space reflective S-1,
(U) As a secondary goal, the dqriyation of a model of the
8=1 and a theoretical explanation of its mnin features was desired. f
(U) In all specified areas ooﬁaidorablo progress has been
achieved. Several new procollin; methods have been developed for

good infrared response of semitransparent cathodes. Although
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‘well over the range of measurement. By virtue of these optical

(U) repeatability is still a major problem, there has been a
1 X 3

reaaonaﬁlo yield of high oatﬁodoo with the best of the dgvglopod ?
methods. - As alrendi previously observed, it was re-affirmed that ?
geometrical configuration and subdbstrate conditions require ;
selection and adjustment of a particularly suited processing

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

arrived at which appears to lessen this dependence considerably.

i

(U) Optical enhancement possibilities were studied in the

last eighteen months of this work, Although the optical

properties of the S-1 do not allow for improvements similar to

\

those found in the 8-20, methods for processing a space roflectivof
S-1 uart‘round. and a reliable schedule for processing such
cathodes has been developed.

(U) Pinally, the computation of the optiocal constants of

the S-1 has resulted in plausible values which fit reasonabdbly

constants, an intensity-based model of the 8-1 was sketched out.




RE DD-254 4/14/70%

(U) This model appears to be able to explain some of the

features of the spectral response,
(U) Since this report is partly based upon findings
detailed in the previous final report under AMC-136(T), oross-

references to that document will be made throughout this report.

The numbers of individual reports are given as reference to
specific points for more detailed discussion. For performansce
data of selected surfaces extending over the entire period of

both contracts, see also Tables and Figures in this report..

II. PROGRESS IN PROCESSING SEMITRANSPARENT CATHODES

(U) The previous contrast, AMC-136(T), had resulted in
several methods which gave high luminous sensitivities with a
moderate IR sonsitlbify porcéntng.. _For a review of aenaiti;ltiol
achieved, we refer to !hbio I of the Final Report, AMC-136(T),

dated 12 May 1967.

“ & '
48T The highest IR sensitivities reported there were:
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(-ﬂ' Tube #126 - Luminous Sensitivity, 80 ‘na/1; 2540, 9.2 pa/l.

Tube #606 = Luminous Sensitivity, 60 ma/l; 2540, 9.1 ma/1,

The percentage of IR response ran, usually, between 8 and 12%.

[
(6> The doping methods which were investigated thoroughly

for thermionic emission suppression did not help the IR sensi-
tivity either. Potassium as well as rubidium doping resulted
in a lowering of the IR sensitivity percentage.

(U) All dopants resulted in a chenge of the spectral

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

Cs onlye This change usually showed up as a “chopping off" of
the long wavelength response with increased sensitivity in the
8000R to 9500 region. These changes concurred, at that time,

with the expressed interest of the contracting agency for high

. sensitivity to 9500R radistion.

(U) At the beginning of this new contract, however,

. emphasis was shifted, in that high .qomitivity to the 106008

laser line was desired,

P
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IR processing method ("Hip"). Such a Ibthod'unl'dovolopod |

RE DD'254 4/14/70, |

(U) A great deal of the effort in the first eighteen

1

1

months was therefore directed toward the development of a high

during the first year.
(U) Por a detailed description of the evaluation of "Hip"
see Rpts. No. 3 through No. 9.
Ejss A typical “Hip" séhaﬁulo is as ?ollowa=
| 1, Prewet glass surface with Cs fo a predetermined
value.
2. Evaporate Ag to a J0-65% c;verago.

. Evaporation is monitored with an IR monochromatic
1ine, because the onset of “bad layers™ (i.e., conductive layers)
is d;stinguiohsd by abnormally high IR absorption. (Ref. Rpt.
Noe. 3.) '

3. Drift Cs at 30-50°C until the transmission change
is completed.

4o Bake surface until no further {norease in

photosensitivity is being observed,
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I ' at 106008 then resulted in very high IR sensitivities. - (Ref.

i ol e :
4 “lha

L‘ electripal performence data, see Table I of this report.
2, :

i 43 5. Peak with Os. RE: DD-254 4/14/70(%_
| : 6. If "bake off" (loss of sensl tivity) hed oceurred i
during step No. U4, step l;a. S is followed by additional steps |
3. h’ 5'

6 This method was an outgrowth of a brief investigation
of the classical 'o;thodo which had been conducted during the
: : first quarter. (Ref. Rpt. No. 1=3.) The investigation of the
"classical™ method itself gave the oxpoctod'reault: Average

cathodes, below 4O pa/l with 8-12% IR sensitivity. It should

be noted that, in sharp contrast with the classical method, 4

\

no after-silvering is employed.

| 4
4O This "Hip" method was used as a base for further

{ ; improvements of IR sensitivity during the remeinder of the

( . contract. Selective 0> peaking with a monochromatic filter

Rpte No. 8,9.) The highest sensitivity was achieved in Tube

No. 202: W.L., 69 pa/1; 2540, 13.5 pa/l. For representative

-
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('O‘)‘ It was, however, found that “Hip™ could not be

for lower thermionic emission., Efforts to suppress thermionie

3 R ool R

emission also resulted in a suppression of the very high IR
sensitivity and gave surfaces comparable to those previously
* achieved. (Ref, Rpt. No. 9.) A possible exception was only J

prewetting with Potassium instead of Cs which in a few instances

retained high IR sensitivity with somewhat lower thermionie

emission, (R.fo Rpto Noe. 16.)

“
¢¢> The highest IR sensitivities, however, undoubtedly

resulted from the application of Cs only with selective 0,

peaking. For typical speetral response curves, see Fig. 1-3.

: “.,; On the whole, the high cathodes processed with “Hip"
retained their sensitivity well. SIuI;p was observed primarily
on those cathodes which showed "bake-off"™ during processing.
(Ref. Rpte No. 1l,)

(U) Several environmental factors during Ag evaporation

were _!.nvnti;.tod. One series of experiments explored the
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(U) 4influence of the substrate temperature on cathode

formation. It was found that if the substrate was held at

~ temperatures above 9o°c, 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 mich larger than usual, These effects became

. stronger with increased substrate temperature. (Ref. Rpt.

No. 5-7.)

(U) Lowering of the substrate temperature to the range of
=10 fo «15°C resulted in somewhat colorless Ag bases. Neither
extreme resulted in high cathodes. (Ref. Rpt. No. 6,7.)

(U) We feel, therefore, that the renge of 25 to 40°C,
uhidﬁ was used in the large majority of our experiments, is
the optimum temperature for the laydown of the Ag base.

Vasuum during Ag evaporation was typically in the range of

" 2-8 x 108 mm,

(U) Several experiments were undertaken to study the




(U) erffect of a high rield between evaporator and cathode
area., With #2500V or +5000V applied to the cathode area,
deflection of the Ag beam apperently takes place. Heavier
deposits were observed in the center of the cathode area while
the deposit close to the aluninizod'ring was much thinner. - An
application of high negative voltage to the cathode area did
not result in any obser;ablo erchta. This, of course,
aupporﬁs the contention thnf at least some ér the Ag atoms are
positively charged. (Ref, Rpt. No. 6.) .

(U) Similer ionic currents were also observed later on
during Ag evaporation, as a rule. The interesting obsgrvation
was made that such currents were quite strong in the beginning
of the Ag evaporation, deciinqd and romainod at a steady level
during continued ig evaporation, and began to increase again

as measurable conductivity of the Ag layer began to appear.

(Refs Rpt. No. Zuc)
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* a short evaporator-to-substrate distance resulted in poor

$ !
(U) Changes of the voltage applioB Ebr QD'@QLM/MHO;Q
: J
discharge after Ag evaporation did not result in any observ- ‘
able changes of performence. (Ref. Rpt. No. 20,)

A
() It was observed in the related "PIP" contract that

cathodes. An increase of this distance from the ususl 1-1/2"
in the bulb structure to 2-3/4", 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.

“

¢®f 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 existing condition of a thin Bi film formed on the
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¢€) cathode area during the extended high temperature bake.

While it was thua‘proven that good cathodes can be formed on
~such thin Bi films, a positive identification of a thermionic

emission suppression ecould not be shown. This 1s in contrast
to the proven suppression effect of the Bi aftertreatment
after completed cathode formation (See Pinal Rpt., pg. 24-25).

(U) Two optical improvement thoughfo were tried on the
semitransparent cathode. |

(U) One somitrahaparent cathode was formed on & ‘groovbd
glass plate" which was supplied by ét. Belvoir. The eiaot.

geometry of the grooves was not known. An optical enhancement

was observed &t the Bluo end of the spectrum. It had been shown

S

1n'tho previous contract, AMC-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.

(U) The expeoted change of response with angle of ineidence

was observed on the grooved plate. The pertinent Table in Rpt.




(U) No. 21 1s reproduced under Table IIof this report. It

should be noted that the anhnncomont,léomparod with the
sensgitivity of a normal semitransparent cathode, is about 6-10X
~ for the 3900F and 4535k 1ine, about 3-5X for the 5050% 1ine with
faoctors getting much lower with 1ncrousing'wavolongths._

(U) Another idea was investigated in connection with the
preparation of space retlective,cathodo;. The use of a dielectries
spacer of a coupling refractive index botwoen‘tho glass and the
cathode should result in a lowering of the reflection from the
high refractive index cathode into the low refractive index glass,

Although the reflection of the S=1 is not very high in the IR

region, it 1s still in the range of 12-25%., (the reasons for the

fact that the S-1, also a very high refractive index medium, has

a low reflection into the glass, sre explained in Chapter IV of
this report). We have formed several cathodes on_TiOé films which
were deposited on glass. (The refractive index of Ti0, is around

2.6 for the IR.,) Front reflesction suppression was actually




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

the Ti0,, in the few trials performed and did not allow evaluation

2

# ‘i of the idea. On these few surfaces it wu' also observed that the
thermionic emission was unusually high for the IR sensitivity

range. No explanation for this.can be given, For a detailed

description of the optical and eleectrical behavior of such cathodes
and the obaéi-vationa of generally increased absorption with a
slower drop-off in the IR, see Rpt. No. 12, pg. 5-7, and Table II;

also, Rpt. No. 21, pg. 5. Figures }=-7 are reproduced here and show

Ronit s s

optical and eleetrical performance of two such surfaces. (For ]
sensitivity data see also Table I of this report.)
(U) It should be stressed that the method which eventually

resulted in the best cathodes on the dielectric specer in the SpRC

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

attempt to iwmprove the semitransparent 8S-1 should also evaluate
the "layer cathode" processed on high refractive index, transparent,

dielectric substrates.

(o) - Performance, data for ourﬁou of interest are given




III.

RE' DD-254 4/14/70

(U) 4n Tadble I, These data cover, where available, the

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

THE LAYER METHOD -

(0) ﬁo observation that "Hip" seemed to .roprount the
best achioiablo method, based on the original Du Mont method,
led to the oxplorntion'or other, radically different, prepara-
tion tochﬁiquoa.

. 4:; 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 trnnsmis;ion readings and that cyecling of
Ag and Cs could be eontinued until a cathode with the usual

thicinesa was built up. Final exposure to oxygen then resulted

in a reasonsble sensitivity. (See, e.g., Tube No. 0-215, 0-216,

Ref. Rpto No. 10. P&e h.)
(U) The interpretation of the optical data of the S-1 then

suggested the investigation of Olzo layers. (See also Chapter

IV of this report.)

/i

bt -G
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48’ The experiments showed that, although Cs-0 layers ‘,7

i

cannot be built up on glass alone -~ apparently because of a
pocr acoommodation coefficient - such heavy layers can be
built up through alternating cycles of cesium and oxygen in a

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

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

H Because of the similar activation schedule, we had

reason to assume that the cesium oxide formed, in this case,
F | was the same type of oxide which was formed in the 8=1, The

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

additional evaporation of Ag changed toward the more blue-
violet eolor of the normal S-=1, Optical aspects are discussed
in Chapter IV of this report; for data see Table III here.

i ;

48> This film, consisting primarily of cesium oxide, had
reasonable sensitivity with some IR, but processing was rather
touchy, 1.e., if cyeling of Cs-0 was continued above a certain
optimum point, sensitivity usually disappeared permsnently.

-

For detailed reference, see Rpt. No. 24, pge 6-9.
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607 We then tried to use this phenomenon for the development

of a new processing schedule, It was found that additional
evaporation of Ag onto such a heavy Cs=0 film usually resulted in
good sensitivity. .(Ref. Rpt. No. 27, pge 3=5.)
;35 A typical proceasing method ronuitlng from this aspect
of the investigation is as follows:
1) A thin layer of Ag (2-8% oovorago) is ovaporato&
onto the glass (no prewetting).
‘ 2) A.nuﬁbor of cycles Cs-0 is then applied onto this
thin base untilis?ability of sensitivity is achieved.
3) Peaking of response is then achieved by additional
Ag evaporation.

L) If the sensitivity does not rise satisfactorily

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

Cs~0 cycles are again applied, and so on.

(-
487 The transmission measurements of the layer cathode show

a reversal of percentages of Ag versus Cs-0:
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é Tube No,
5235
5238
5642
séhl

26.5
30.5
35.5
32.0

£ Ag, Total R 0 D; 05.410. %5111/70%

40.5
37.5
28.5
38.0 .

n
(@} In comparison with the normal semitransparent cathode

(initial Ag coverage: U5-55%), the percentages are considerably

changed. It appears, however, that the “missing thickness™ of Ag

is mede up by 1ncreqsod thickness of cesium oxido until a certain

optimum thickness, necessary for good response is achieved., Thus

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

S-1. synonymous with good IR response, requires a certein thickness,

but that the individual constituents can vary in wide ranges.

Similar “compensation" effects have also been observed in the

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

(U) This peculiar behavior becomes understandable in connection

with the optical constants of the S=1 (See Chapter IV, this report),

which requires this surface to have a thickness of nJ4 close to

o5 if processed to optimized performance.
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(U) It appears, by the way, from our optical measurements

and determinations of the thickness 4, refractive index n, absorp-
tion coefficient k, that similer compensation o:rocta ocour in
other photocathodes also.

Vi

#8r The main adventage of the layer method seems to be that
it apparently obviates the acute dependence of the cathode quality
on the initial condition of the Ag base. (For a detailed discussion
of this influence, see Final Rpt., AMC-136(T), dated May 12, 1967,

pgs. 8-15.)
“w
&€ Thus it was possible to form good ocathodes in the unfavor-
able image converter geometry with this method. Also, the investi-
gations of cathode processing in the SpRC (Chapter V of this report),
have eventually led to the layer method as the best possible
formation schedule.
W
@) Spectral response of the better layer cathodes also show

a more shallow slope towards the threshold which is a desirable

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

THES ¥ TS S
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fe) The observation that cesium oxide layers could be buil
up on very thin Ag films to fairly heavy deposits (40-50% trans-
mission) led to the speculation that similar Cs-0 deposits can be
dbuilt up on other thin metal films resulting in different types
of cathodes. Only one such attempt was made on a thin Bi rilm,
However, no "build-up® of cesium oxide deposits was possible. The

entire change of transmission took place upon the first cesium

Sl G

interaction, with subsequent 0, exposure having very littly effect.
In optical performance and appearance, this cathode more closely
resembled a cesium antimony type. Because of the shift of interest

to the SpRC, no other investigations on other metals was made.

[
¢®> A continued effort in this direction, however, seems

SN o

warranted with metals more resembling Ag then Bi does. It is
possible that other IR-sensitive cathodes could be found in this

mManner. Th;s assumption is based on the fact that the structure

of any very thin film of metal will resemble the island structure
of an Ag film, This is in contrast to heavier films where the

structure of the Ag film is rather unique.
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OPTICAL DATA AND CONSTANTS OF THE S-1 AND RELATED

(U) In the last two quarters of the previous effort,
(AMC=136(T) attempts were made to determine the optical constants
n (refractive index) and k (absorption coefficient).

(U) During this previous effort, the three optical data:

Reflection into the substrate (glass) Ry
Reflection into vacuum Ry
Transmission through substrate and .photooa‘thodo ?

were measured on agvera;l. model surfaces.

(U) All three quantities were measured as percentages: The
reflectances against the reflection 1=-§, of an opaque Ag mirror,
(where €, is a wavelength dependent factor ranging from .06 for
39008 to <01 in the infrared), the transmission against an
uncoated buld under analogous goometrioa'l conditions, -

(U) In theory these three data should be sufficient to
determine n, k, and the physical thicknou d. In practice, however,
the computational probhu are formidable. The three quantities can
be solved. 6nly with the help of a oo-putfor program and then only

in fair. npprcziuthn.

«2le ; :
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' the computer. programe , i , f

(U) The equations, which give these three quantities in
involuted form, were developed in Rpt. No. 12 and these derivations
are reproduced here in Addendum I; see also Fig. 12 this report.

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

Addendum I) were used in Rpts. 37-39 of the previous effort,

AMC=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 prosonco'of the second gless-
air boundary.

(U) It is quite obvious that these corrections rcy the air-
glass boundary ;111 decrease the already rather small front
reflection of the 8-1. It 1is because of this reason that the

values derived previously are not considered representative for

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

for our model surfaces are shown in Fig. 13=19 of this report.
(U) EBquations VII - Ix~or‘Addondul I are now the corrected

quantities Rp, Ryy, Tpvhich constitute the triplet sought in

A : ot
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; (U) The at first available program gave these quantities for:

04 k < 7.0 Stepsize Ak = .20
1,0 < n < 5,0 e An = 25 i-
0 < da/A & .20 . AdA = .005

Graphs were made to determine the general behavior and are shown

in Fig. 20-34. (See also discussion in Rpt, No. 18, pge 3=5.)

3
4
K.
3
(U) The practical procedure is that one tries to match one 3

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

computer data. Actual computation requires interpolation between
fho values of the computer program,

(U) It soon became obvious that the evaluation of this progrgl}:
for the optical data of the S-1 was unusually cumbersome. The low
front reflection together with the large vacuum iofloction and the
fairly high transmission could only occur in the region around
nd/)‘ = 1/2, As the enclosed graphs show, the maxima and'nin;n are
very steep there and very small changes in one or thg other parametes
caused large changes of the optical performance. Furthermore, valu

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

this reason that a seargh for solutions took an inordinate amount of

computational effort.

'
’ t

-23-
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(U) A aimilar situation is even more pronounced in the case

of the Ag-layer alone. (Tube No, 168, 559; see Fig.13, 14.) These
layers have very small Rp combined with high Ry, This again
results in a much larger thickness thnﬁ expected and also in high
refractive indices.

<4=§ A possible oxplﬁnation for these results may lie in the
fact that, as we definitely know, the Ag layer 1s not a homogeneous
sladb of nateri;l but ;onsiata of clearly separated micro-crystals.
Thi; structure is also retained in the completed S-1, as our photo- ;
micrographs hqvo shown.

‘

‘ (-;i‘ It is quite possible that a layer of such structure

T T DR

. displays a rather abnormal optical bohavior in the direction of
its base versus the direction of its top surface. The properties

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

vacuum reflection seem, to a large extent, retained in the S-1,
“- :
¢ To my kmowledge, there are no combined measurements of

vacuum reflection and front reflection for thin Ag films or Sl

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

not been considered at all.
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éﬂ? Similar diffioculties do not seem to exist for the alkell

antimonides., In their case, the evaluation of the three mogaurod
data (T, Rp, Rv) have resulted tentatively in a certain thickness

which fits reasonably over the entire spectrum. The thickness thus

Soibdh bl b 0 Ll AU L s S S AT AN ST e gty L L o

derived at is in reasonable agreement witﬁ previous estimates.
A :

(@) Of course, the formula for RF’ Rv, 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

group of the alkali antimonidgs while this mey not be the case at
all for the S-~1. Thb 8=10, whose optical data seem to point to a
connoéting link between these two groups, also seems closer to the
elkali antimonides,

-dsr' 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 that values which will represent the behavior of the admit=

tedly inhomogeneous S~1 can be used to determine and prediot its

behavior. It is also clear that values of the optical constents
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t‘; which rit the optical data of the S=1 can also be used with a

better chance for success in any model of this complicated surface.
Of course, the knowledge of the optical constants is of special
importance in the space reflective modes

(U) With the computer program available only up to ns5, it was

found that a certain thickness d/) which fitted to the data of the

|
|
{

8-1 model surface in the IR did not fit with the shorter wave-
lengths below 50002. The values computed for n also did not fit

a smooth curve.

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

L}

RS = which is a Rubidium Cs-prooessed surface.
3h0,‘113A - which are good Cs-processed cathodes.

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

For R5, a thickness 4 11708 - gave an excellent fit at 60008 & 111508,f

For 340, 4 11508 = gave a very good fit at 115008 and 65702. }

For 113A, d 1080k - gave a good rit at 115008 and 5600K.

For 332, the seemingly thinner cathode, a thickness d 13002, was
arrived at with good rit at 105002 and 65008.

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




(U) Between these points, a fit with refractive indices

n £ 5.0 was not possible, It appeared thus that the curve for n

the rit computed for the lines given above was quite good, the large
thickness and the behavior of n did not seem satisfactory.
(U) At that time, an investigation of the optical properties

of cesium oxide = hopefully the ome which is present in the S-1 -

oxide layer (final coverage L40f white light) on a thin Ag base (5‘.

coverage), see the enclosed Table III.
another explsnation of the optical data of the 8-1, because the

one thickness for the entire spectral rangs, and was based on the
island structure of the Ag-layer and finished cathode, which was

revealed in numerous mierophotographs under AMC=-136(T).

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

¥
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was begun. Processing techniques have been described in Chapter III,

For the optical and electrical characteristics of one such heavy Cs

(U) This investigation was undertaken, primarily, to try for 1

results quoted above did not allow satisfactory interpretation with |




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

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

base, covering X£ of the cathode area and the optical properties of
a Cs oxide layer covering the previously empty portion (1-X%) of
the cathode area, To this purpose, we attinptod to use previous
measurements on one surface, where opticil data were measured
throughout the development of the surface: Tube #597, Rpt. No. 29,
AMC-136(T); see also Fig. 35, 36, 37,.thia ropo¥t. The follov;ng
uncorrected optical data uofo measured there: =

Ry 2 5.0 8.0 8.0 8.0 7.0 -

Rp II 68 11,0 15,0  17.0  13.5 -

Rp III 7.0 118 18,0 . 18,0 - 150 Ml
I 68.0 59.0 52,0 52,0 60,5 66.5

| II 73.0 60.5 48.0 345 37.0 Ul o5
T III 4.0 60.5 48.0 33.5 35.0 b3.5

(U) Here State I refers to the very lightly oxidized Ag base;
State II refers to this base after cesiation; State III refers to
State II 4+ O, peaking. Rp stands for Front Reflection, T for

?rnnaniplion.’




(U) In this semple we see quite clearly the peculiar effect of

|
|
3

the increase in blue transmission of the finighed cathode vs. the Ag
base, while IR transmission greatly docronsoh. Vacuum reflection had
ﬁot been measured on this sample.

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

9
Ry = X-Ryg 4 (1K)Rg, = X'Ry, # (1X).08 (6L = Glass)

Rm:", X RAB + (1-.x)Rc’°-2 ,

Tp o= Xem, 4 (1X).92
Tro™ X Tag * (1-x)'.rc‘02
RIn- RI .. (IJ)'(RG‘OZ - .08)

(U) A simple oross-check with the values given in Tadble III for ;
Tube No., 0=429, which can be considered representative of the optimum ?
Cs oxide thickness whieh still gives photoaensitivity (see Chapter III;
of this report), shows that these relations are not at all fulfilled. %
The absorption propeptioa of the Cs oxide layer, per se, in the IR |
are not sufficient to explain the large ch-hgoa in this region, uhiloi

the decrease of absorption in the blue is not at all understandadle




(U) neither because of the relatively ﬁeavy absorption of the Cs
oxide layer in the blue., This proves conclusively that the Ag base
is changed and a homogenization or'the entire cathode film takes
pPlace, Ve | therefore decided to. continue explanation efforts gndor
the assumption of a homogeneous film gs- before.

(U) We tried to get a continuation of the computer program for
higher values of "n". Such a continuation was received for 54n<7.5,
through privaete channels and only in the last months of the contract.
Again, the evaluation of thoso.dnt;a took § c;nsiderublo amount of time
because of the same reasons as mentioned above. It was therefore only ;

possible to compute one model surface, No. 113A. The measured and

interpolated values .of' the optical quantities of this surface which

Bt o S dlen e i onkas e i gt i

have boeh used are given in Table IV of this report. The dest results ;

for several wavelengths are reproduced in Table V.
(U) The best results are obviously achieved for the range

ds= 570-590‘. Values above 90002 could no longer be computed because

the refractive index increases above 7.5. We see that n*d/ 1s nlwny.‘
§

close to «5 with an apparent minimum arocund 50008 and a slight hcnuﬂ




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

(U) towards the blue and IR, It appears that the strong increase of

n towards the IR is necessary to maintain the condition ned/ close
to «5. As the previous computations show,'fho numerical values of n
\ﬁll get smaller for larger thicknesses but the previocus velues do
not fit a smooth curve as the best solution here, arcund d = 570K, dooé
(U) A graphical representation of n and k against A in £ end eV

_ i
is given in Pig. 38,39, this report. As can be seen, & certain range °

related to d in order to maintain the condition nd = A/2. A family of

parallel curves whi‘.ch rit for several triplets covers a range of 4;
probably within only #10% around tho best value of 572R. It wes not
possible to determine the exaot width of this range within the time
available, however. Values above 6102 and below 5508 have not resul
in acceptadble fits over larger spectral regions. From the previous
computations (see Addendum II), it is expscted that the other S-1
surfaces will show a similar behavior.

(U) The shape of the curve for k is rather insensitive to small

changes of 4 (actual numerical values of k become, of course, slight

smaller with larger d). ' The curve seems to indicate a minimum around

«3le
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(U) 35008, which is to be expected and would be followed further by
e steep increase due to the Ag absorption edge, in the UV,

(U) Another independent estimate of the thickness of the S-1
can be gained from surface C=2UlyT; see Pig. 4 this report (for refer-
ence see also Rpt. No. 31, Pig. 1 and pg. 5). This surface was ror-oqf
on a dielectric spacer of 1‘102 whose thickness was computed to be 200&
This surface displays a clear interference minimum in reflection n-oniq
51008. If we take the usual phase condition for a reflection -:.mn-
which will apply to a good approximation rdgardhn of the adsorbding :

properties of the S-1, we have: : i

2w/ph (ny 4, + nzbdz) =T o= nuozu 2.6

(2.6 x 200 ¢ n, a,) = 2550 g .q

4, = 20308

. (U) If we ;ah the refractive index of 113A at that point, as
en approximation, nnoog = 3,8, we got Ay = 5352. This close corre-
lation is certainly gratifying especially if we oconsider that the
initial Ag coverage in 113A was 55%, while 1t was only S0% in 0-2U4T,

whiech would even explain the somewhat lower value of 4 arrived at.

32
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(U) Although outside of the scope of ﬂ}u oontrncé. seversl
optical constants of other photocathodes were oonpdtod. The
following data are given:

8=10 Tube No, 835

39008 : n = 2,32 k= 1,0
:A = ,11 Thiockness 4 = L30f

8-20 Tube No. 88-20

: d =2, =
.. :/A 8755 > h3 !‘hlcknou. ds= hBOR

&_22 Tudbe No. 086

= 3,58 = 4
usask ¢ :ﬁ\ 3 fIOS b Thickness 4 = 475K

; of =226 k=10 ’
it :/A = 05 Thicimess d = L70f i

. R A

E

8-9 .Tube No. 103

-, = 82
usask + n/l'; 2 ?2 . Thickness d = Lssk

w Tube No. BX3

ook -, k= 1,22
o ; :/l\ - 75 095 _ Thiockness 4 = 3708

60008 = 3,2 k= ,0 ' :
F i 2 s . % mtckness 4 = 3908

K-C face Tube No. B-l

39008 ¢ n = 450 k = 1,07
Thickness 4 = 3702

«33=
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~(U) The interpretation of the optical deta is not unduly

difficult for all other photocathodes, except the S-1, and a

thickness arrived at usually fits well over the whole -pétrul.

This is due to the fact that none of the other photocathodes,

SN IS e PN

like the S-1 does, comes close to the region nd/), ~ 0,5 where the i

interpretation boconbl very difficult. The computed values agree

generally well with other published data, if any.

1
A

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

publication,

SPACE REFLECTIVE CATHODE

(U) After the first three quarters of this contract, an ever
increasing part of the effort was dovotod‘ to the formation of a space g..
reflective S-1,

(U) This was done bee'a"uu of the expressed interest of the
contracting agency, :although we had made it clear that strong onhanco-
ment effects in i;ho IR region were not to be expected because of the :

already kmown optical behavior of the 8-1, Specifically, any effeect
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(u) oouparabie to the 8-20 - which is nearly optically transparent

around 8000-85003 - was not to be expected.
(U) The study was, in the beginning, hampered through the choice 1
of Ti0, as the dielectric spacer which turned out to de unantiaractory.j

Tiqz was selected because of its high refractive index of 2.6 in th.-

e il G o Ry e e T

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

v onriaiin i i

also improve the performance of the semitransparent S~1 because of

front reflection suppression due to this high refractive index.

ol ik e G e ol ¥

(U) We assumed that formation of the S-1 on a dielectric sub-

» dec it S s

strate monitored for vacuum incidence response would not be very

pathaGalx

different from the processing of the S=1 on the same substrate backed

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

processing behavior was Quito different if vacuum incidence response
was monitored. The very q;:toront rotioction for the tuo.lidpu of
the cathode makes that understandable,

(0) vAluminnn was selected initially for the metallic backing

bocndao it was assumed that possibly an interaction between the Ag

film and the cathode processing would take place. We found, hou'vor.'?
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(U) that it was impossible to convert Ti intc the wanted dielectrie

T10, on eluminum without severe "break up® effects.

G OR

(U) We were not able to develop any satisfactory method of

forming 1‘102 layers on aluminum. We then switched ‘to silver ss the

Bl it 0y

backing mirror. Results were somewhat better snd we were able to

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

the best method developed for conversion of metallie Ti into uoz, ]
see Rpt, No. 19, pge 3 and Table I there. |

(U) On the whole, the combination of Ag + Ti0, gave an unsatis-
factory yield of usable reflectors. In most cases, the Ag mirror
showed a tendenocy ;o cloud upon the Ti0, c'onveraion. All our efforts -'
to corrot;t this remained unsuccessful, We therefore decided to a\dtch:
to S10 as the dielectric spacer. A satisfactory method 'or onporntion;
was eventually developed by evaporating from a generator type Si0
source which is fitted with a small opening. This source resembles
a point source and good uniformity of the deposit on the spherical

buldb type was usually achieved. (This uniformity was verified through ]

the uniform color of the finished cathode over the entire deposition |
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(U) - area). Through the uniform heating of -the evaporant through the

Ta generator onvolopi, sputtering was virtually eliminated.

(U) Houevof, even with Si0 the Ag mirror still ahou;d clouding
tendencies upon exposure to cleaning solvents or baking. Only after
we switched back to Al a satisfactory yield of good films was obaorvodi

As a matter of routine, the glass substrate was heated to 1so-zoo°c :

SR S ikt o cow ol bl

during SiO evaporation. On the aluminum mirror Si0 films of any

desired thickness could be deposited, clesned, and baked without

e 0 it

"break up".

(U) It should be mentioned here that T10 as well as S10 films

iR A o il . e

of sny thickness could be deposited to glass proper,sdhered well and

showed no "break up" effects.

ol o s e N

(U) A schedule of the preparation of the reflector is as follows3

8, After the uquil hard glass cleaning, the Ag strip catho
connection 1s painted onto the glass and baked at 120°C for about 1 hre
be Aluminum i- evaporated in a 10~6 vacuum to opacity.
This ;vnporltion is completed in 7-10 seconds, A mask of approximate :
one~half inch in diemeter shields a portion of the later cathode area

which can be used for front transmission measurements.



(U) o. The aluminum mirror is baked at 250°C in air for 2 hours
d. 810 is evaporated from a genogator-liko source to the
desired optical characteristios in a 10'6lvucuun.
e. After deposition, the 810 deposit is washed uléh.
deionized water, 1sop¥opyl and acotono-aﬁd then blown dry.
(U) During evaporatiaﬁ, the transmission through tbo»gl;ai plu.é

| - :
810 deposit is measured through the open hole in the mirror. At the

same time, the reflection from the aluminum backing plus growing 810;
deposit is measured. Both of these measurements are done with
suitable monochromatic (or color) rilters. The evaporation of the
810 is performed stepwise and these two optical characteristics are
measured after each step.

(U) As the opticel dat; of opaque Al and Si0 are known in the
IR (at least in good approximation) the thickness of the S10 deposit
can be com .ted from reflection and transmission measurements.

(U) These computations have been performed and their results

and discussion are presented in Addendum III,




(U) The optical behavior of the sandwich Ag-S10-Ag (essentially

an interference rilter) wes studied in stepwise evaporation of the Ag

layer onto the apéco reflector, Figuri No. 40, this report, shows

thovbghavior of ;wo samples, observing the expected minimum eand turn-
around to higher values in reflection. For a detailed discussion
see Rpt. No. 27, pge Teo ¥
(U) Only when the problem of the space reflector was solved ﬁ
satisragtorily - after an undue amount of time and effort - could we
proceed to the problem of cafhodo formation. All previous attempts
to form cathodes o? substrates with any degree of “breakup" had
resulted in poor cathodes.
(U) During cath§de formation, two optical measurements were
made: Transmission through an area covered with the S10 layer only ands
vacuum reflection of a monochromatic line (usually 95008). This allouai
us to compare. performance and "thickness™ of the cathode formed on tho‘;
space reflector with the semitransparent cathode. At the same time,
reflection of a monochromatic line (here 95003), is measured from the

space reflective cathode simultaneously with the sensitivity at this

im.c
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€@ Thus we gain some insight in the formation mechenism. 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 less and less pronounced
as the cathode becomes heavier. This is, of oourse, expleinable from
the fact that we are gotting.cloaer to a minimum in the turnover point ;
of the refléction. We have 1nde§d.obaerved that additional Ag evapora-é
tion would lead to an increase of the reflection. This beh;vior would

also be shown from the two examples in Figure 40. Figure 41 shows @

L

%
§
!

graphical representation of the formation. This surface #52h3 is en
example of the layer cathode,

- v :
@) The layer method (see Chapter III) has given the best yield
of good cathodes from among all the processing methods investigated.
The layer method, of course, permits, by its nature, to observe the

effect of small dosages of the cathode constituents and their effect

upon absbrption properties of the SpRC, This method which bullds the

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



¢87 nicely the fact that IR sensitivity appears only after a certain
thickness of the cathode has besn resshad, It was found that,
although monochromatic abaorption'(aq a minimum of reflection) could
be peaked quite clearly, this did not always result in a peak of
phoyoreaponse;. The 95008 response usually peaked around or slightly :
before the 95003 absofptiqn and additional attempts to increase
absorpt;dn (usually through small additions of Ag) had, in the
majority of cases, no beneficial effects.

(U) While the evaporation of the Si0 film on the Al mirror

_causes only slight interference phenomena, the formation of the

L]

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 visually the
cathodes 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 dgtl'takon_on some ogrly surfaces, ses Rpt, No.

2L, Tadble II.
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(U) As the layer method was established as the best way to

process SpRC's, it was unfortunate that optical constants for this |

type of cathode had not been computed. There was, however, good
reason to expect that the layer S=l1 would have a similar curve shape
for n as the semitransparent S-1,

(U) The equations for the reflection of Al4310, shown in

Addendum III were used to determine the thickness 4 of our different ;

fraotional spacers (percentage of the full possible change of the
reflection).
(U) Expressed as percent of initial reading (100% =.86.5% true

reflection) we get:

1/1 spacer (100 to 72.2%) - = 880k
2/3 " (100 to 81.5%) e = 660K
1/3 " (100 to 89.5%) = Lok
1/6 " (100 to 95.0%) = 3008

1/9 " (2100 to 96.5%) = 2208

thicknesses above 800K were unsuccessful. The best yield was achieved

with the formation of layer cathodes on 1/6 spacers.




SR ’5

(U) In appearsnce, cathodes on very thin spacers exhibit a
silvery color (similar to an opaque é;thédo), 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 spacer ones are dark blue-
violet, and tﬁe heavier spacer céthodea are .bright bdblue,

(U) Electrical properties of the surfaces of interest are shown

in Table VI, thié report.

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

of the S=1 SpRC is given in consideration of the results of Chapter
IV, To this purpOQe; we list the measurements of reflection taken on
throo gobd SpRC's, No. 52107, 52110, and 52121 (all layer cathodes);
see also Fig. 42, this report:

tnp 439 oS 4505 460 . 480 495 2.8

52107 : 2840 3.0 10.5 20,5 12,0 9.5 16,0
52110 1.0 9.5 2,0 28,0 - 15.5 12,0 10
52121 3045 8.5 19,0 25.5 15,0  11.5 47.5?2 _

(U) All of these surfaces were processed with observation of
vacuum reflection at 10600R; All three show a clear minimum of refleos

tion near h5352 and another minumum near 9500€, The oxnct_loﬁationa
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(U) of the minima were not established because of the few diacrbit

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

st 95008,

(U) Processing was performed essentially to a minimum of reflec
tion with the initial reflection of the )msao given as starting pozni
(U) For the minimim reflection the condition nd =A/4 should boi
observed. e %
(U) If we insert the refractive indices of our model gugruoo

this equation for the extremes of the curves in Fig. L2 we get

LSOOR : 3.65 x 4 =11258 - a = 308K

900 : 8.0 xd =237  a=297R

(U) Although the assumption that the S=1 on the space rorlect-?

will have the same refractive indices is n#t assured, the good agreof
ment for d shows conclusively that they will show a proportionality ?
(1e0., lie on'a'ourvo parallel to the ones shown for 113A). The |
numerical values for.tﬁa extremes of courée depend on the actual

numerical values of n and k and cannot be computed without them.
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(U) The rather shallow second minimum of reflection indicates

R

that no pronounced “"hump" in the spectral response curves can be

]

expected and a more shallow slope of the IR response is actually what
has been observed (See Figs 43, Ll, this report).
(U) Apparently the condition of optimized absorption in the SpRC ]

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

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

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

for the semitransparent S-1 in Chapter VI,

(U) PFuture efforts in space reflective mode will have to be

; directed towards correction of this inequality.

ki

VI, THOUGHTS ABOUT A MODEL OF THE S-1

i (U) From all the work performed, the question arises whether it

| % is possible to develop an explanation for the pocuiiaritioa of the S=1 f

o

photosurface.
(U) The simple sketching of a band model would explain very

- 11ttle because the values would have to be rather random without any

o rr— ‘.

theoreticel foundation. Such attempts have been made repeatedly in

L
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'been shown to exist as far out as l.6 microns. Numerical values of

(U) the literature and have not been ;blo to give a aétiaracfory

theory. This is in contragt to the family of alkali antimonides

which can be approached through the usual solid state methods,
(U) .In order to understand the difficulties, we will first

enumerate the differences between the S-1 and the alkali antimonides:

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

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

this absorption may change from surfgcg to surface according to thick- P
ness and processing. The fact that optical absorption takes place in
the IR, of cdurse, is the factor which permits some photoelectric

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

sourceslin the literature claim that very weak photoelectric emission
in the S-1 has been observed as far out as 1.7 microns.) This is in

sharp contrast to the alkali antimonides whose absorption goes to zero g
around ¢85 = «9 microns. |

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

in the Ag base, As our investigations have shown, the Ag base layer

e e
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(U) itself has absorption in the IR (in most cases proven out to abouf
1.2 microns, see Fig; 13, 1) in the thickness commonly used in cathodd
preparations Numerical values of this absorption again vary with d

preparation technique and thicknesa. {

(U) In the Sb thicknesses used for cathode preparation, to the ?
1
4

best of our knowledge, IR absorption above 9 microns is rather small,
(U) In cathode processing, the IR absorption increases strongly

in the case of the S=1, Numerous examples have been given under the

previous effort, AMC-136(T), see also this report, Fig. 35-37. In the

E

processing of alkali entimonides, on the other hand, no IR absorption

L]

develops.

(U) It was, however, observed that IR absorption ag well as sen-
sitivity were dependent on attaining a certain thickness of the qatho ;
film. The remarkable fact was uncovered that it made no difference
which manner this thickness was attained; that means the constituents'
of the cathode could be varied to a large extent. Tho‘obsorvatian oti
layer guthodoa made it possible to observe this quite cleerlye. Thus.‘

it was possible to obtain IR absorption and sensitivity by depositing

47
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" small additional changes through cesiation.

- fashion higher in dependence on the absorption coefficient; the S=1

E

(U) heavy Cs-0 layers on very thin Ag bases or depositing Ag-Cs layers

with minute amounts of Op; or, depositing heavy Ag layers ﬁith_rolativcj
;
3
;

(U) Another fact is the quite large difference in the reflection

and transmission of the S=1 versus the alkali antimonides. While in :

the alkali antimonides the reflection into the glass substrate is in t
range of 35-45% in the region of high absorption, with values declining

towards the IR,and the corresponding vacuum reflection is in a regular

%

4
shows the previously discussed behavior of very low reflection into th.r

glass (5% - 18%) with very much higher reflection into the vacuum.
(U) These remarkable properties tend to support the theory that
the IR response of the S-1 is very much deﬁen&ent on the achievement q('
a certain optical condition, This has led us to concentrate a great
deal of erfortVOn the determinat}an of the optical data and constants
of this surfacee. In.tho course of this 1nve;tigation, we were also ab
to inveafigate the other photosurfaces and to draw comparisons. Rolia‘

optical measurements of the 8-1 in the IR are, as best we could

determine, not available in the literature,

<48~



(U) The optical effort resulted in the determination of numerical

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

N

considered typical for the S=1,

(U) The interesting fact was established that thpoughout the
computed range (.4p to «95p), the ﬁglues of n‘yh.had to be very close‘
to 5 in order to explain the oﬁtical performance of the S=l1l, This
resulted in very high refractive 1nd1cgs for the IR in order to

maintain this condition with decreasing d/A, 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 pnt;monides where n‘%h is much
smaller than .5, especially in the IR. This intensity distribution
i has also accounted‘fully for thq differences of vacuum - and front
! absorption as well as the ratio of vacuum-to-rront incidence response.
Some of fhe thoughts which enter into this model have already been set
forth in the Final Rpt., AMC=136(T), pge 36-=U43.
(U) We quote from there: “The IR levels which are created

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

49~
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(U) _surrace,'while the states reéponding to the shorter wavelengths

are probably distributed through greater thicknesses of the film.

This hypothesis is supported primarily through obaervatioh of a slump

and aftertreatmentsecccccccccccece

(U) The IR response seems to emerge from layers of the film
which are close to the vacuum interface. It seems that the further
towards the IR we go the thinner the actual photoemissive thickness

becomes™,

(U) The following mathematical derivations are based on these

thoughts which require the existence of a suitable probability function ;

which governs the efficiency of emission due to the intensity

distribution in the film:

ri; ti Fresnel eoofficients

Sl

PRER

Vacuium




(U) We consider a wave of unity amplitude (Eo = 1,0) in noml‘
incidence from n, = 1.5 (FI) upon the ﬁoundary Z = 0, Because of normal
incidence, yhich simplifies the computétion and shows all significant ;
characteristics of the solution, the difference between the polarized

components of E, and E, disappears. Very similar derivations apply to the

case of vacuum incidence (VI),

(U) The summation of the.waves travelling in the negative 2z diroctio
results in [(2)~ t\[l- L6 J-F:I'.Z.T. ,..]
.1n the positive z direction in
E*(g)zi:,q[l~r,_n+&1f71;',..]

7 The appropriate phase change for moving from z = O to z inside the film -I
5% - -2 e "
e e e _ g7l (c»:é.z- L sinda)

: 5. = Jde tid, =21rd/), Chu‘tik') f
Adding the appropriate phase changes, and summing the terms shown above

results in

e 9% Zta et [I-anZ +(6n ) 7]

where ‘ -~ 12,2
Z = o l-ac_ |

=Sl




(U) This leads after summation of the geometrical series to the

complex electric field vector

VI 1) E(i) L

: : ;’
which gives the field in any point z in the film., It can be shown that

this solution fulfills Maxwell's boundary conditions at both boundariol:
z=0and z = Zge All more explicit calcuh tions and proofs will have :

to be given in the publication of these fihdings.

(U) The intensity inside the layer N, k. is given by i

s &
I(2)= L’%‘—{i (E(» E(»))

After cumb‘ersomeAcomputations we arrive finally at the intensity

distribution

9 ()= [C'*O-Hﬂ{ B gi)e™ Y dfasostr s sl )]
e+ (ak+b}) (az+b,)+l[(m -hb)eeou +abah) &mu] :

1 the cathode film, Heve & =2/2,=a/d
Q@ = A0 /)x
o = 2«6\< V4

The denominator N 1a a constant, given by the thickness and the refrac"

tive indices.




(u) a,; bl, By 'bz, A,B,C,D are the wellknown coefficients which

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

i e S RLL e st o s e

. At i o Sl ol L cah o baa il o e

Rpte No. 12, pge 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 coefficients

Note that a wave of unity amplitude coming from the medium nj = 1.5 :

has the energy E> = ny :v:(llz)2 = 1,5 — , —while a wave of unity

2
amplitude coming from n, = 1,0 has the energy E_ = 1.0 x(1.0)= 1.0

or cou'rso,~we obtain the numerical value of the transmission from the

solution I(z = zl) to

| T -1‘-‘;%“5 E(z)E) = T()

= |
i A similar expression thén applies for vacuum incidence.

4 1 " (U) The solution consists of three “waves", one going in the

| I-Z

= negative z direction ( 60( ) ), one going in the positive z

-',- -o(1-3) ‘ ' =
direction ( € ') and the third term which is the interference

A‘- iy .
L-‘: term.

S
B3 e




(U) This intensity distribution has now been evaluated for the

(W3A)
known n, k of the S-1)y at several wavelengths. The case of 8000A is

shown as an example. Because of the large computational effort

involved, approximate values (n = 6,75, k = ,60) available from the

computer program have been used. The intensity distribution for glau,

1ncider_xce is as follows: (All numerical values refer to the model
surface 113A)

0 I(0) = 95 . Glass = Film Boundary
1/4 I(1/y) = 219
1/2 I(1/2) =. 037

= 3/} I(3/4) = .28 |

= 1,0 I(1.0) = 436 Vacuum - Film Boundary

Transmission T = %:x M6 = .29




(U) A similar distribution is found for the vacuum incidences

I(0) = L,215  Vacuum = FPilm Boundary %j
I(1/4) = .108 o ‘
I(1/2)= .026 ‘
I(3/Y= .110
I(1.00= .196 Glass - Film Boundary e i

Tranamisai.on- T= %t.l(éb = .29 : :
The values at I(1l) result of coursel in the same value because the
transmittance in both directions is the same.

(U) We can see the important fact that, regardless of the abaorh-t’
ing properties of the film, the intensity has again a maximum at the
boundary z = Zqe The absorption can be computed from the numerical
values of the three wave amplitudes inltho brackets of eq. VI 2).

Negative z wave: A(o): eV = 8'53 = |70 ;. A(‘) = 1.0
Positive z waves A (O) ‘Q—.o(az'"' b{‘)" o X A(‘) - G5
Interference from: A(O);lakcmut,, -"~' l."“ .; A(‘) = | 48

This third term results in energy retained in the interference pattern

which has to be subtracted.




(U) The absorption in £ of unity incident energy 1s now given by

Gradit: £5 () im-to] 1=l = (14 =t ) ~

. . T s -;Mm—vﬂq‘
; . . L %

=  |4ox U.5x,85 = .50
The accurate value for 80003, computed with the accurate n, k, results
in .59, which is a fair agreement.

The analgous calculation for the vacuum incidence results in

-\, [ & '
(+ Q&*’b. ; ,Ig (ll‘(l)s lmo,_[_ol + “’O_‘zq‘- ‘],27.;|‘o|]> =

= OMu%101x .o~ U3

A £ SRl L e s SRRt A e e e amit R e e a

Again a fair agreement is reached as the accurate figure is .41S.

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

differences in vacuum - versus glass incidence absorption.

(u) Becquse of the condition n (}')\ %.5. similar intensity dis- !

tributions are observed for all wavelengths and similar aéreementa have

been found (the specific example of A = 46008 has been computed).

(U) The photoelectron production . i‘P" (Z) at sny point 2z

is given by . .("P“ (i) - '7]' ICES P(i)

T\_ . Conversion factor independent of )
p(g) = Probability of emission




(U) Because of the difference of vacuum - and glass incidence, the

two probability functions will be different. Assuming that p(z) = 1/2

at the vacuum boundary we get

5 -ZF(MK)
VI 3) veoum : p(2)=lze”" v

~((=Z)F(AK)
VI L) Glass P(i)r- o e (-2

if we select, as usual an exponential dependence.
(U) The following table gives some numerical values for escape

probabilities for VI and FI,

P=1,0 F=2,0 F=4,0

=0 VI 1/2 1/2 1/2 Vacuum-Film Boundary
FI <184 067 «009  Glass-Film Boundary

=1/ VI #3959 ST 090 . «18)
FI 236 AL T L0eg

=12 VI +30 .18Y 067
FI <30 +184 <067

T =3 VI - .236 L
FI 39 «30 A8

= 1,0 VI <184 « 067 .-«009 Glass-Film Boundary
FI 1/2 1/2 1/2 © ' Vacuum-Film Boundary

of course the thickness of the "effective active" layer decreases

rapidly with increasing F.

3
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(U) The total photoelectron production in the film is now given by
| 22

(w =7 T@) P ' |

2=0
Because of the two different probability functions, the results of the

integration are different for VI and FI,.

VI 5) |
o-F i (5 FT-F(@eou thywuw)+ 7 \[
e ML) i=e - SR [ e i
LFL M O°F 1‘(@[{&) o+t i ( i ;- %(f,i::u bzcse)
. : 7 2 2. ‘
VI 6) 1
]
' e Pl e e F(ub,-Fa,) + |
= C_e_ A (A 2 e — ,
o ~REERRIEE s framsi oy
- . PN

o pe Jpta o1

Here M, M are the multiplying factors.

As the photonelectron conversion is an elementary process, the mtonaity;

should be expressed in phoi:ons: ‘ EP"(?\A\ = l%gbi lo-wwd- 5

N¢-= ‘/E'u(.l\) " ] Number of phc.atons Ne
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(U) Then we get

L
At (wai\;* b {4k - Ne - C..

¥ - 9%—‘;}*—“. -I.S.\/'w%+k?~Ne'Cf

(U) Numerous calculations have b'oen made to determine the value

of 1  _ at several wavelengths for the model surface 11l3A. ’l'ho-ubt.loll.uto1

ph

sensitivity and the ratio FINI had been determined on this surface

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

in p 022 ohs V .505 «60 . «80 020 025 1,06
FI (mmt) 2 2,35 2430 3,30 4420 5,20 3,50 2,15 ,L,70
FI/VI . H 1.36 1.31 1035 10‘]1& louh lohu 1.1&2 1.&5

(U) Any worthwhile model must be able to explain these two data.
(U) Besides the peak sensitivity at 8000R, we selected two pairs

with equal sensitivity for the computation:

) S350R
2.4 mA .
: /H 90008 @ W

4600R 3
94008 ¢

(U) For F(A,k) = 0, the following values were computed in relative

units:

“59=




(u) 80008 1onFr = 3.20

FINI = 1,42

90004 1w = 1450

iph.VI *73.00

FINI = 1,50

600R 1 = 1,9 '
4 . "phFI 4 FINI = 1.37

1phVI s loha.'

(U) While the ratio FI/NI has the right magnitude, the photosen-

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

I S oty okl o g 4 et R P TBY Ce YCT LN VT CPCIPETUNT WA s R i

course to be expected from the known fact that the absorption and the
photoresponse are not related in a straightforward manner.

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

A

different layer thicknesses contribute to the electron production. This

conc;pt of course is introduced through a suitable selection of the

factor F(h, k) in .the probability function. ] j
(U) It is obvious that this probability function will be a rather : *

complicated funotion 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, infrared.

(U) Much computational effort has been applied in order to determine {
. b i

s the governing function and a partial success was achieved.
; |

: BT e




(U) The function F(f, k) must be of the form |
t (Nk) C [ (E-EN i K™ ] 1

where E, is the threshold energy conveniently expressed in eV. This

satisfies automatically the condition with vanishing ip, at E, and for

Bt 4 aa A bl s Al B i, e Wl B

k = 0. For the model 113A, the threshold E 1,0 eV, In the deter-

mination of the threshold we have of course., as usual, a certain amount :

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

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

the peak at 8oook: F(}nk) ,.,C[ -|E.. + -:l’/_a.'

F (4600R) = 1l
F (5350R) = 5.50
F (8000R) = 7.70
F (9000R) = 22,1

(U) The constent was normalized for F = 1,50 at 8000, The choic ’i
of this constant is one of the factors which can be used to improve tho?
£it to the spectral response. We then get:

600k P = 2,2 1 = .8
b 5 phFI 5 Ratio FINI = 1,36

1phVI = 0625

g350f P = 1,08 1 = 1.165 :
R AR et Ratio FINI = 1,385
imvi = 84

=fle



T N W S T e P T

T

S

BN

(u) 80008 F = 1,50

9000 F = .30

With a conversion factor of 'Yl |

600K
53508 :
8oook :
90008

(1]

Ratio FINI = 1.42

- Ratio FINI = 1,395
= 92

1pnvi

249 mA/H we get:

85 x 2.9 = 2,47 mAN
1,165 x 2,9 = 3.38 "
1,805 x 2,9 5.23 "
1,285 x 2,9 = 3.72 "

(U) Although the fit is not ideal, it shows clearly the general

shape of the reapoﬁae curve with the peak at 80008 and the skirt values

in the right order of magnitude. The function F will also account for

the valley at hOOOR - hSOOR, which is followed in the UV by the known

strong increase of phoﬁoreaponse, because F will become quite small if . '

k increases again to higher values in the near UV, The other parameter "

FI/VI also shows the right magnitude.

(U) Improvements could be expected with more accurately defined

probability functions put it seems that the general character of these

functions is sufficiently well described by our definition, since the

numerical value of F will also change from surface to surface, -



(U) It seems thus assured that the optical characteristics of the
% é : S=1 are a determining factor in its reaponso. The fact that the field
intensity always has a peak at the vacuum-cathode boundary apparently
.i L : makes IR response possible. The probability of escape from any useful
thickness, which decreases rapidly with 1ncr§as1ng wavelengths,
determines the shape and magnitude of the IR response.

i |2 ‘ (U) In this connectibn,.it 1s interesting that the S-25 with

infrared response comoa-aboutfwith a thickening of the 8-20 and may

T LT i STy T S

thus also come closer to a condition n 9’}, for e5e
P ' ' A «
i . (U) Of coursd it would be of great interest to extend the idea of
f : ; 3
| .

an intensity-based model, determined by the optical 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 S-1,

S T
s

(U) These laboratories have measured optical constants of alll

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

FI/VI and would welcome the opportunity to pursue such work in the fu

-63 -
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TABLE IV

CORRECTED VALUES OF THE FRONT REFLECTION 5?' VACUUM REFLECTION EV’

Ain R

3900
1,000
4200
44400
4600
1,800
5000
5200
54,00
5600
5800
6000
6500
7000
7500
8000
8500
9000
9500
10000
10500
11000
11500
12000

TRANSMISSION T FOR THE MODEL SURFACE 113A

% S
6.0
" 6ely
T3
8.3
9.5
10.9
12,1

X9

1440
.7
15.2
15.5
15.5
1448
13.7
12,5
11.6
10.9
10.4
10,0

9.6
9e1
845

8.0

B, L
13.0
13.8
5.4
17.3
19,3

21.3 .

23.3
25.
27.2
28.7
30.1
31.2
31.6
31.3
30,7
30.0
29.3
28.7
28.0
27.1
26.1
25.3
2Ll
23.4

62,5

1%

70.5
69.0
65.9

59.0
548
50.3
45.8
41.8
38.4
359
3.1
32.4
29.8
28.6
28.5
2947
31.6
33.3
34.8
36.3
37.7
39.1
40.3
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P B o e

* Vi A computer program has now been received through private
communication and will be evaluateds In order to establish the
optical data of the cathode proper, formulas for the above=-

mantioned.correction have developede.

for the single £1lm, which are eésentially equivalent with those
of Rpt. #36, Figure 9. '

E o RoedGrb)e i tlMbl)e ™
F e +Acos(lgt)+Bsin (2.5:) ‘ ,

G R L (@) (@)
4+ Ao (%u) + Bsin (A40)

o T =T~ L [Otalb][Orae bl]

B 0 e
& Lo +Ccsa@g.3+fDm(lg.)

TR -
“ _..._...--amn- 14.3

e, QBM_I. RE: DD-254 4/14/70,)7.

The computer program gives the rollowing three quantities -

SR __nE=me kK
H°r,_° T BeATRRE a7 nem P T
b ‘ 2"0 kt g § ‘-lhzk
Qla'i'lﬂ)z‘{‘ kl

J
5 mﬁmﬁ+k1

-y

. TR

Sk




: ‘,f,J&&i*ﬂ”
DD>254 4/ 14/70

]

ik 2(adtbl,) L(a, bg_
C=2@am-bb) ; D=2(@b%b)

d\l= l‘\\'k\dl/)\ | S g] a Q'Ty" d‘/)‘

E Refractive Ind ices:

= 1,5 (Glass); N = nl - ikl (agsorgizég megium here ;
. the photocat ode :

ny = 1.0 (Vacuum)
dy = physical thickness of the absorbing layer.

‘With these definitions Rpg, Rygs, Tpo become respectively
the Front or Glass reflectivity, the Vacuum ‘rerlectivvity, and the
Transmission in % or‘an'inoident light wave A of unit intensity in

| the medium ng (Glass)e ' ‘

Actually these intensities are not measurable as we can
measure only quantities in air, incident as well as emerginge.
Therefore, a correction has to be made to account for the air-glass

1nterface. For exempliﬁoation, see Figure 20 of this report.

Ty 8 " . Percontage of light rerlected from the air-glass
- 1nterface !

o = [H07THU Ay W04
G [ ~N
ROE ’

v

g
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RE: DD-254 4/14/7096

The computer values Rps, Rycs Tpgs 876 the % of tho amplitude

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

reflection 'R R/RFAQ R/

where RPAg is the reflect.ton of an Ag mirror in the same conétellation.

( €n1s a factor due to the imperfections of the Ag mirror. This

. factor is wavelength dependent.) Similarly for Ry, Tpe (See, e.ge,

Rpt.‘#21, pgs 7-8 and Figdre 24). Th;a' gives in first order approxi-

mations

) Ree=(r2%-QRe =0 voone mp m zpy ame

the measured values.

wawgm
(fI) Tth, o O;".FGDTF | sy ' 3

If we consider the second order reflection on the air-glass

interface we have: e : ﬂ

(- € JRe— ‘ERF(RF e.) "Q -2 ) Rro-i-
o C"@'RFC"@)TF

-(l eA)R rc,'r"o -ZRM)

r

FC

a3e




LLTA TR WCTE  po o t’mw ke

RE" 'oo 254 4/14/7q

Because of the very small terms of mostly third order
involved, we can replace- Rpgs Ryg, and TFC by Rp, Ry, and Tp in the
second and third equation for a:lmplic:lty_'s sake, So we finally get:

(VID) Ree = Cl+.2.r6 ~&)Rr - Re(Re-2) -1,
<_vm>.TFC - Qj-r@. —rg?;)ﬁ

() 'Ryc 0 e, (;T; (_l lt‘e."%zv%)

3
:
l
4

These equations will now supply the values which can be used

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

e e e i e - el B S i ey e 2

ke

e
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; & RE: DD-25% "4/ 14/7099
| A 497 In the following we show some of the tentative results
F | ' on the S=1 and related: -

1)

Tube Wanted Triplet

No. Rp, Ry, T Best Triplet Pit  d/A . _k n

Dt o DR Db ata st el o oAt lan ol b o Y o d o sl M,

; . ' J.)...B:S.. (See Rpf. #15, Fige 13) Rubidium processed S~1
' ' A= 60008 (.12, 426, +365) (o117, 4261, #366) 195 4198 4.925
This is a very good agreemente Now the same thickness d = 11708
1s tried at different As. '

')\" 93609- (0103: -?Jh 0355) v (010+o 021}20 035) 0125 01}5 ¥ '3055
. | (4205, 4235, +355) «125 437 " Le35
. This is a typ'iéal case of two'-zi)ouibh solutions. .

! : A‘ 101708' ‘0095.0 02150 ol‘h) o . 0115 033 . 3075
; | e K : ; . : .0115 27 '4065

A= 111,02  (.085, ¢20, o49)  (408%, .205, .49) "'.105 ' 31 u.uzs

As we see, the curve for n 18 not at all smoothe The shorter wave=- °

lengths even demand an n > 5.0. Houever, all possible triplet
solutioris lead to a similar thicknesse -

: .. .2_)._311.0. (Seo Rpte #15.. Fig. 12) . : : it ,
© v A= 115008 (1135, 423, «555) (.133. 23, .gg) 10 .20 LSS

'l'hiclmou a= 11509 o :

This thiclmou does not give a good ﬁ.t at other wavelengths

with g > 5.0. T A

A 2N

A= 82208 (.185, o305, «31) (155, 428, W315) W14 .34 41O
A= 6570R (165, o340, «265) (4165, 430, 4265) 175 .38 3.5
Shortor wavolongtha booom vory pool'; probadly solutions n>» 5.0 :

i aro roqmod. e :




" If we £it triplota' to other wavelengths, similar thiclkmesses
 result, however with slightly different n values.

e v

L

s 2.-

["’r Hv“”"’.‘w T e e i ', o e i .
; Tel Tube . Wented Triplet E- DD-254 4/ 14/ 70%
' No. Rp, Ry, T Best Trigleg Pit * 4a/A K n
'- e ) PR 4 (See Rpt. #15, Fig. 11) _ b O
M= 105008 (.05, 165, «485) (.049, ¢169,. 405). 2125 4295  3.75
Thickness d = 13008 : :
| " Am 65008  (.070, «225, ¢375) (4080, ¢19, «377) "..20' 28 %5 8
A= 81252 ,§-055. .185, ou-3) (.057, 18, oh3) 27 341 ,
v but also a better second fit for ; :
K= 65008 (L075, 4225, +375) (s075, o226, «373) 20 o205 4a92
“4) 113  (See Rpt. #15, Fig. 9) : _ .
This has been most extensively computede The best data are
selected below. - ' '
| One triplet has been fitted to the 115008 datas E
2 115002 (.085;, <24, «39) (e 085.'_.237. .39u) 09) .- 40 Lo
Resulting in 4 = 10802 | el :
' This thickness fits down to N93002 _
A’ 98202 (.10, 27, 031!5) (_0105. 02653 ,03)40), oi9° Lel5-
_ However, the Ry values become too small for still shorter '
wavelongtha. :
4 %‘ 96608 (105, .28, 0-33) (0105. 0255; 033) .115. 50 3,925
 /And the agreement geta worse until A 57508, Here again we get
o good Lite
M= 57508 .-(-150. -295; -36)‘ (147, <29, -‘36) ' ~ #20 Le75
J A= 56008 (.45, .285, «38) (.45, 285, «38%) J18 475
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ADDENDUM III

" RE- DD254 4/14/7%

i i N (U) In our case, the following two optical data are measured: °
Ny .50 Glag
N/ rs, 27 80" Aq Lopaque B '
Ll Vishssst 2 so
| 4 T e e i
N N,= 1,0 , ! : : ‘ / \ ”
; ' / \
/

] : ! J \
Transnission measured Reflection measured -

(U). We assume that the S10 is trénaparont in the red and near
infrared and has & refractive index of ny = 1.8. The optical comtanta
of the lubatratu Al. Ag at the wavolengtha of intorut are:

; | Al G il Ry ,' Rag
4208 n = 4O ' nm 0,065 . 9L.0%  95.6% -
1 . k=U00 .. k=218 . i e
! /8008 =199 nm 0.1 86,55  98.6%. .
E. : k = 7,05 & =-5.41 '
b ' e ‘ , ;
| ' 95002  n =195  nm0,13 90,08  98.8% |
g .‘-\ . k= 8050 k = 601].8 .. : : {

~ (U) The n, k values are from G, Hass, JOSA, Vols 51, P. 719. |

() g"hé reflectances R are computed from the equation

(1enip) + 16,2 -
: ’ )2 "l_f.k.z




P T —— T
F | | RE DD-254 Vmyy

- (U) Unrortmtoly, Ry bas a minimum around 85002
= .Q...Q.Q.).z__il.lﬂz % 86.3%
385°°3 (3.08)7 + (7.15)

" (U) Por the reflectance of the ooinposite A1 and S10, a more complicated
formuls applies Ca '

I | | 0 3 g2+ (gl 22) + A coa(Zh) + B “n(zf;__ e (1). :
% : ' . 2) + A ooc(zfl) +B 'n‘(zfl) 45 =

T

1#51(32 +

-? S x.:&‘zé fa- ""_‘,}"‘“1 :i}'

g = :_.q '::1] ;

(]
g 2
i o Bl
f (n1+n2) “'kz

foxs ‘ : : : B = Z'gIhz

(U) Pora tunsparont film on & transparent substrate, this reduces to

G 322 + 28,85 cos(2f) : - A_
R = .l Sl = .1-Transmissi 2)
e ;ﬂ; - 28182 “'(2?1) ansmission e (2) 4

P




I T Rt e = g o
. |
L ] -
.
€
o

f . ' RE DD-254 4/14/7%
j i (U’) If we first oconsider the system Glass-S10, we have :
5’ ‘ ‘ : T, ' ..' l..*.ﬁ.ﬂa.@f = ;.286
f ' : ' | . . , Mz' 1,5)2 09l
A o = (3.3)2 o
‘ Yl Exi ; R .‘ 2082 + ,008 =-,052 x 003(251)_ % ."— A -4
‘ S : Bk ‘1l - .052 coa(ah : : .|

(U) ‘' The maxima of R are given by 'oos’(Zh) = =1  Rpgx, = o153

" (U) The minima of R are given by coa(Zh) = 41 Rptn, = <Ok : 1
Por  ocos(2(y) = © R = ,089

. (U) Assuming transparency of the Si0 deposit, the measured transmission

. would swing from 968 to 84.7% (first minimum) and back again. Expressed

as percent of initial reading, we expeot the transmission for the 80008
. and 95002 line to vary from 100% to 868%, ' E

(v) i'bo thickness for the extromo tranamiuion rud:.ngo can now be

easily computed rrcn _

2f = h'.;.l: By WX -  Rpax,. 5
2 = BT ney = o, L

(U) Vo got'thuss . for A = 80002 . dy(Rpey,) = 11108 _
; ' a3(Rpgn,) = 22208 (vesp. OR)

: .toz"_ A '-'95002._‘ 81 (Rpgyx,) = 13208




2y “VIIT-YINGY 0.V * g

RE 0D-254 4/14/70%

(U) The values actually measured for those two lines on stepwise

- evaporation of Si0 conform rouonably to those caloulated limits or

ohlngo. We have never deposited heavier layors than those correspond- ' ,
1ng to the second maximum (2fy = 21!). : |

(U) For the case of the reflectiocn on AJ. (or Ag) we have to uu the
zore conpncatod formula (1).

. .' .8 “. (2 )-.2 1!1(2

" ng = 1.0 ‘g = «e785 1,- _’ AL / o :
‘ny = 18  hp= 397 £ ' |
n2 = 2,0 A = Q7 .
kz = 7.0 B =-.226 2 : ' e
Thomimaadninimaotnangfnnbythommand |
.‘minim of tho funotion. = - ‘ el e

: () % Fly) = ay = b-Vl-;z' L vneve ¥ = cos(2f,) s ‘
(U) °  The ocaloulation shows - +
- 8 Jextrema ;{%

(U) With these values for 2§, we get Rytn, = 62.5%. The initial
rerlection without £ilm 1s 86.5% as shoun before. Again expressed as :
percent of initial reading, the swing uonld be rron 100{ to 72.2{ tor
the first and ronowzng mm.

{U) In tho'apo'o&‘.io case of our mmplo: : sin 2fy = 62 ‘
. : \. .. 608 2&1 s «,79

o uncmssmm

L O
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" (U) It follows that 2, b or &, = 248 8000k = 880R for the
» Lfirst miqimn

: : (ﬁ) For 95008, @ similar calculation yields di(min.) = 11378 g

: (U) The reflection minima on the Al substrate occur approximately at
'80% of the thiolmess which results in transmission minima in the glass. i

- (U) Again the o:ipoctod variations. of reflectance have been observed in 1

B S
o

. actual measurements. For example:

Tube No. 5266 = Reflection 800CR : 100% down to 69.5%, them up .
' gatn o 94%; estimated d, ~~ 15508, . :

T

S s

Tabe No., 5268 = Reflection 80008 : 1004 to 75.5% thon up again to
96%; estimated d1~16502 :

(U) The expected slow change of R -around the minima snd maxima has = ';

&lso been observed.

(U) A similar computation for the Ag mirror leads to a much smaller

el

variation of rotloctanco. For example, at 95008, the reflectance
changes only from 98.8% to 96.5% for a similar thickness. This 4
explains the difficulties which we encountered in observation of IR
ronoction changes on the 810+Ag. | :

Salliids A il

- (U) In the bl“' region, the $10 £ilm exhibits consideradble absorption
f.... . (probvadly ‘1” A much higher rorractivo mdox). and the above ginn . ol

E :_I(MMSSIHED

oquaum un no lengor be used.
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