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PHOTOCZLI, AND MULTIPLIER TECHNIRUE

in account 1s given in this section of thne information
.h has been obtained concerning the processes used to
1in photoslectric emission, either in photoelsctric cells
-he emissive type or 1n secondary electren muitipliis

i

a2
o

ated that the aclid

a

In general it may be a8t
won in English and Amerilcan cormercial pracivilos
to have been employed, and no mantlon ;
ion of gettering materials to avsorbd
technique of preparing evaporated cati

o commonly us_gd in England.
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ed at Leipzig. For simllar reaszons it was 0o
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With regard to multipliers,
153 type, in which current

mainly concentrated on the e
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shed zrid electrodes, Although som? work has been dons on
11d target multipliers, made familiar by the work of
orykin and Raichman in America, the production of suck
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The photoelectric sansitivities roported wers nob

perior to those attained by workers in this [leld in England,
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There are two princilpsl types of photcemissive
cathode which will be described. In the filrst caesium
1s allowed To react with an oxidised sllver layer, and
in the second the caesium combines or alloys with an
antimony layer. The silver oxide-czesium cells may
either be of ithe vacuum or gas-filled types, but it
appears that the gas-filled type of antimony-cassium
cell has not besn very successful, since it fails to
neve a long useful life,

Yor certaln technical applications, e.g. for
image converters, it is very desireable to have trans-
parent or seml-transparent cathodes: the actual reguire-
ment is that the cathode layer may be illuminated on
one side, and yet emit electrons readily from the other.,
In accordance with thls requiremnt techniques have besn
utilized for evaporation of semi-transparent layers on
to bulb walls and windows,
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PoOTOCELL PROCESSING AVD MANURACTURE

SILVER OXIDE CAESTUM TYPR

4

1. The following method was deascribed by Ing.
HZeFranz, of Telefunken, Serlin. & special feature
of ths deqimn 1s the exhaust tubes 'a' (sse fig.l)

with a brz-kable seal. This enables ths cell *o

be seal d on the exhaust pump a second time with-
out imr:iring the wvacuum within the cell. Pfoffesor
Schre! :» (interviswed at a later date) stated that
this @cheme had been used "in former production
processes®,

{a) The glass is made from Fischer Prima or Osram
V584d glass., It is cleansd either with a 3
sclution of potassium hydroxide in distilled
water or by a potassium dichromate, sulphuric
acid solution.

The stem carries a small tungsten spiral,
holding a silver bead, up 1nto the cen+er of
the bulb, The splral is provided with a
nickel disc on one side, so thabt when silver
1s subsequently evaporated a portion of the
bulb 1s left clear,.

(b} Seal tube on pump, and bake for 2-3 hours
using liguid air on the mercury trap.

(c) Allow the bulb to co
ver very sliowly for
perature 750-800°C,

1, and wvapourise the ail-
hour with the s»lral tem-

- O

(d) admlt oxygen to the svstem (Pranz did not lmow
the p“escure) and c:idise the silver laver in
2, an

a glow dischar s ~lying 200 volts
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brovgn 25,000 ohms, The colour changes over
tre cillver cathode proceed until a vislet-blue
colpur 1s obtalned,

Digtlll a little caesivm intz the stem by in-
ductlon heating the caeslum chloride ealcium
mixture and chaslng the caesium along into the
stem with a Bungen flame, Seal off the cassiim
eide tube and then the wnole tube from the punmp,
Put the cell irto a thermostatically controiled
oyen, at a temperature of 50-709C for U.g days,

or periaps up to ten days, until the cathode
colour changes te a dark green matte,

Re-egal on to the pump and when a good vacuunm
(10~) 15 obtsined breask the seal marked 's'

by prolecting a plunger rgainst the seal, The
piunger conslsts of an 1rcn rod completely sealed
into the glass envelope, and 1t can be prolected
ferward by a2 magnet,

The tube 1s then baked up to a temverature of 1400
C, the stem contalning remainder of csesiur being
cutalde of oven, This tekes Z0-30 minutes, The
tube 1e agaln ccoled and the photocurrent messured,

‘In order to measure the current, the cell is

117uminated by a 30 watt lamp at a Algtance »f

1% e~mg, The lamp temperature ils aprroximately
PL200R . The emission at this stage should be 20.-
AC mieroamperes, with 100 volts applied to the
snode,

There should be no dark current: 1.,e, no elzctri-
cal leskage or thermlonlec emission, If dark
current 1s absent silver 1s evaporsted from the
seiral to zive g llghter and less matte cathode
surfTeees and the emlssion ghoulid have risen.

I7 dark current 1s present the tube iz rabaked

ot 190°C, and after coccling it is retested for
iork current; when this 1s absgsent esllver 1is
svapnreted, The baking can be repeated, going up
109 each time untll no dark current ie obtalned
in the tube prior to the evsporation of silver,

k t 1& not advisable to bake ebove 210°g,

a certain eMsslon la resched whieh 18 known

seal off the stem and excess caesium from the tube,
Trhe final sensitivity of the cathode surface is

tempersture 2U300K, The maxirmn sensitiwisy
7 the eurface lies at 40C0AU, with the long

-

wave 1imlt at approx 12000400,
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A similar schedule was described by Dr, Uhlmann,
of the Lorenz GmbH, Beriin, and it sppears that the
above method is substantisily the Uhlmarn-Beyer process
which 1e described in this report in connection with
the experimentsl manufacture of image converters, The
followlng differences appear in Dr, Uhlmsnn's des-
eription:~ -

{a) Caesium 1s obtalned by the reaction between
zirconium and caeelum chromste, Where a herd glass
envelope 1s employed the temperature of the re=
action belng greater than 800°(,

(b} The oxidation 1s carried out using 400 volte and
& 1imiting reslstance of 1000 ohms,

(¢} The baking periocd at 609C with cell sealed off
thas first time 1s contlnued until the emission is
Just past its maximum, This usually tekes 1~2 days,

(@) The temperature of the final bake on the pump
lies between 120-1509(,

(e} The final seneitivities are the same,

2a The following Information wee obtained from Dr,
Goerz and Dr, Flechzlg of Fernsah GmbH,

(2} The %tubes were of the spherical pattern with
the anode assembly mounted from & side neck,
The envelopes were blown in a mould and were
given hydrofluoric acid end chromic acid clean-
ing., The glass wae Fischer lime glass from
Thurlngia. No lead glass was employed,

(b) The sillver layer was evaporated from a silver bead
in & tungaten sgpiral using s mice disc to gilve 2
clear window, The evaporat’sn was carried out after
the cells had been baked cn the pump for six hours
or more at ¥50°C, usually overnight. No reason
was given for such a prolonged hsking,

(c) Oxygen wae generated by heating AR purity
potassium permangenate untll the pressure resding
was 100 microng; this pressure was congidered
impertant by experience, Oxldation wse carried out
by applying 1000 volts DC between anode and cathode
untll the cathode reached the first deep blue
coleur, The cells were then re~evacuated and bsked
for 3C minutes at 2009C,

(d) Ceesium was generated in a side tube by the HF

' heating of a pellet formed of caeslum dichromste
and sluminium powder, Zirconium had been tried as
the reducing metal but aluminium gave equally



(e)

(f)

(g}

3

hgﬂ

satlsfactory results and was more readlly avallable,
Dr, Flechzig adariltted that the mixture was very
exploslve 1n 1te reaction and gave off much gas;
which wee fThe reascn for generating the cassium
cutslde the cell, No dlluting material Zed been
used in the pellet to render the reactlon controle
lable, ,

Two pellets were uvaed, one which expsrience had
shown centalned aprroximetely the correct amount
of ¢aesium, and the other for completing the
process LT necepsary,

Caesfum was dlstilled ir with the bulb hot, and
bsking was continued at 160-120°¢ for 3¢ minutes,
Bengltivity readings were taken continvously
during the bske, and 1t was on these readings
alone that the cell was ludged, snd notv by the
colour of the surfsce,

The final sensltivity was in the region 4050
microamperes per Hefner lumen,

The followlng process was plven by Dr, Westermann

at Speyerim

(a)
(o)

(c)

(a)

The glass bulb was cleaned by an alkallne procese
(the details could not ba ascertalned),

The tubss were sexhausted and basked to as high a
temperatura as they would stand without soften-
ing, After cocolling the bulbs, a layer of silver
wag evaporated on to the walls by heating a
retractible spiral, The sliver thickness was
such that ULOZ of the 1light from a tungsten lamp
would be transmltted,

Admit oxygen and oxidlse the silver by means of

a glow dlscharge untll the transmleslon lncreases
to 50%, Pump out the oxygen and bake at 120-130°
¢ for about 30 minutes, What follows should be read
in conjunction with the graph, (see fig. 2).
Ordilnate 1, End of half hour bake, break the
capsule and warm the caesium tube to glve a small
tragsure of caecium vapour within the cell, This
causes a small emisslon,
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(e) Ordinate 2, Eanlssion beging t» fall. BStop tue
cacsiur svaporation, walt till the emlesion s
steady snd then;

{£) Ordinate %, Ralse oven temperature to 170°C, and
ther, allow to cool, while keepline the oven over
the cell, The emlssion rises wlth the oven temper-
ature, and falls as 1t falls, It is malaly
thermionic emiesisn at this stage, bubt o small
component c¢f ophotoelectric emisslion 1s growing,
as enown in the dotted curve.

{2} nrdinate 4, CShows the maximum cven temperature,

fn) Crdinate 5, The temperature of the oven is fall-
ing. When the photoemlssion has reached a steady
amall maximum, again vapourlse caesium into the
ecell, The total emisslon now drops rapldly, and
when it has dropped by 30%;-

(1) Ordinate 6, BStop evaporating caesium. The cven
temperature and the total emlsslon continues to
fall exponentlally, but the photoemleslon rlees
agaln, When the latter nas reached a new steady
leveld i~

(3) Ordinates 7 & %. Repsat the process, B5eal off
the caeslum tube,

(k) Ordinate ©. When the photoemission is steady
and the oven 1s at rcom temperature, ralse the
oven and vapourlse more silver on to the cathode,
When the nhotoemission regains 1ts former value
npr slightly exceeds 1%

(1) Ordinate 10, Stop the sllver evaporstion, The
emtssion rises 2 little, and then becomes coh-
stant., When it 1s quite sieady;-

(m) Ordinate 11. Again switch on oven, ralsing the

temperature up to 140%¢, then switch off, When

the emission has reached a final steady high
valieg ;-

Ordinate 12, The ceil should he sealed off,

It 1g olaimed that cells made according to thils

proacess have one and a halt to two times the

normel sensitivity of a caesium cell,

n
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o)
L



METHODS QF BULB CLEANING

In general no speclific methed of bulb cleaning
was advocated; however, Dr, Carl Bosch was very emw
phatic in stressling the importance of proper cleanliness
end proner cleaning methods, He was convinced that
trouble wgs produced by using cbromic acid mixtures
for cleaning glass parts because s constifuent,
Cr 0. wszs 1neoluble and was probably absorbed on the
vlasg His own procedure wag as followsi=

(n) Wesh in e mixture of sulphuric acid and potassium
nitrate (d1lution not stated),

(t) Rinse and then wash in a sodium hydroxide
solution, (2%).

(c) Rinse by,directing a Jet of steam into the bulb
at 100°¢ in such s way that the condensate drains
out., The pipe projects into the bulb sbout onew
third of the depth of the laztter and the steam
(from distllled water) ls allowed to pass for
about 30 seconds, On withdrawal of the Jet to a
position about & inches away from thes mouth of
the bulb, but stlll projectlng axially towards
it, an alr injector actlion 1s obtalned and the
bulb dries in & very short tlme without leaving
any spots,

With thls process he c¢lalmed that good cathodes
were invariably produced, where otherwise myster-
ious defects had occurred, Dr, Bosch also belleved
that hydrofluoric acld was harmful because of 1its
differential actlion on the glass constituents,

OXYGEN SUPPLY

Oxygen was elther from eyllnders supplled by the
Griesagen Co., or was generated durling the prow-
cessing operations by heating potassium permanganate
in a side tube,

- 11 -



ARGON SUFFLY FOR GAS~FILLED PHOTOCELLS

Argon seems universally used for the gae
£i1ling. Prof, Schroter was of the coplnion that
1f nzon or helium were employed in order to secure
good response ot high freduencles san admixture of
1-2% of argon is desirable, because of lts low
resonance potential and its efflclency 1in destroy-
ing metastable neon or hellum atoms, He stated that
the argon should be carefully cleaned, uslng an arc
discharge with a cathode of carefully distilled
potassium, This method 1is described in his book
WHandbuch der Bildtelegraphlic und der Fernsehensa,
Berlin, 32, in the chapter on phcotocells, Also can
be found in "Werkstoffkunde der Hochvakuumtechnlk",
by Espe snd Knoll, Berlin 36,

GENERAL METHODS OF PRODUCING CAESIUM

Dr. Knoil of Telefunken, (interviewed later in
Munich), gave 1t as his opinion thet the methods of
producing caeslum were not of eritical importance. -
He stated that a varilety of methods had been tried
by Prof, Suhrmann, who had found a mlxture of caeslunm
chromate and aluminium powder in a welght ratlo of 1:3
to be generally satisfactory. According to Dr, Thelle
of Telefunken, the components of the mixture should
be well outgassed in vgeuo before being pressed 1lnto
pellets,

Dr, Flelecher, who had worked for the Deutsche
Forschungsanstalt fur Segelflug at Alnring, had used
a further process for producing caesium viz by the
resction between caesium chlorlde and barium azide,
The reaction wes stated to take place below 200°C,

- 12 -



ADDITIONAL INFCRMATION: SILVER~-QXIDE~-CAESTUM CELLES

In addition to the ccaplete schedules 1,2, and
% given above, further information of a less complete
type was acqulred,

Dr, Welss and Mr, Michaelis of the Relchpost
Fegsearch Institute gave the followlng 1lnformatlon,

Dr, Welss had visited Balrd Television Co., 1n
Londcen before the war and he wed the same process
cf manufacture for photocathodes as was used by
Bairds. He stated no changes nave heen made, Cells
were made with 2 s0l1d cathode or with an evaporated
silver cathode, without any speclfic advantage belng
found for either type., The thlckness of the evaporated
layer was considered to be of 1little importance, The
gllver was oxldised to the first brown colour and
raeslium in sultable cuantitles was vepourlsed from a
gide tube, while maklng contlnuous sensltivity
readings, After belng sealed off the photocells
were baked at 180°C for 20 minuvtes, Gas-filled cells
using argon hed alsc been made,

Dr, Werrer Flug, interrogatzd at Bad Albllng,
zave the following information, He had made nhoto-
cellis at one time at A,E.G, The sllver cathode was
formed either by evaporation or by chemlcal deposit-~
ion, The lead through the soft glass bulb tc the
cathode was "platinmanteldraht", The prccess on the
pump was glven as follows;

(a) Bake snd evacuate for one hour at 3709C, When
the celle are cocl admlt oxygen ané oxldlse the
cathode by & glow dlscharge, using an 800 volt
source (DC) snd a limliting resistance 2f 30,000
ohme, The cathode color changes through yellow

‘ to bluae,

{b) Caesium is developed in a side tube, by induct-
ion heating a nickel countalner holdlng s nlxture
af caeslum chlorlde and calcium, The contalner
ie hald on a glass support awsy from the walls
of the side tube in order %o prevent this from
eracking,

{c) The caesium ie driven inte the cell by torchlng
the side tube «ently, VWhen one third of the
area of the cathode, =djacent to the alde tube,

i

- 1% -



had chanced e¢nlour the caeslatlon was stopped,
and the side tube sesled off,

(d) Ba%e the photocell at 180°C for 15 to 20 mins,
The final cathode color became a unlfora yellow
brown,

(' The cell is tested on the pump for dark current,
TT this is present the cell is re-~baked o &a
£lightly higher temperature, befnre sealing off,

T arder to obtsln a gas-filled photocell, argon

oz used, which could be purchased in a sultably

wire stste, Further purification was not naces-

0
fner lumen, using ss A gource cof llght =
2ard

apd lamp at & color temperature of Z7CL4o

~r, Kluge had trled the Asao procsss for 1
ne infra-red sensitivity., Cells so trzated
verage primary sensitivity of 30 mlcroamperes per
Tumen, with some exceeding 60, He had also tried to
»ake photocells with solld silver cathodes, followling
nngllsh and American practlce, without succesg.

1 2

Pt 03 g

3

Dr. Flesischer, at Alnring, was reported %o have
oven able to secure infra-red response up to 15000 AU
on sells that ke had made, The process enployed was
that of evaporating a finagl leyer of silver on 12
the cathode surface, the Asso pruceas, bul this Dro-
ceza appnesred also to be commonly employed by ather
workers, who do not hawever seem L0 attain such a
favaurable long wave 1imit,

Dr, Spguer, at Heldenhelm, gave scuc informatlon
regarding the manvfacture of ﬁeisszkon rhotocelln,
althcugh it was work with which he had no direct
acgualintance, ,

Thease phnotocells were male with evaporated silver
cavicdes, uelng a sllver btead in a spiral heater

ag the source of silver, and a mina shleld to nrevent
the depnsiticn of ellver on the portion of the bulp
waed ae a window. The glags of the bulb was made
cither bty Zelss 2f Dresden, or by Oeram =% Welsswas:i-r,
Ths Lulbh wae cleaned ©v the uvsusl eulphuris acid~
atiramine a~1d mixture, 3Some 201l used hard zless Dulbe
w3t tunegsten leads,



The cells were exhausted wlth mercury diffusion
pumps, ueing liguld a2ir, in the iaberatory, but he
belleved that in the factory oll diffuslon pumps
were employed.

The sengitivities of the vacuum cells were 35-U5
microamperes per Hefner lumen, and small cells had
been made with equally high sensitivities,

ANTIMONY CAESIUM PHOTCCELLS

In genersl transparent or semi-transparent
rhotocathodes only appear to have been studled,
although 1t 1s well known that the antimony layer
may filrst be lald down on a metsl sheet cathode,

1, A typlcal process was describted by Dr, Gundert
and i¥r, Halbeck, who were interviewed at Munich,
The bulb consiets of Thuringen soda glass vhich is
cleaned by the chromle, sulpburic scld process,
‘The antimony 1s introduced by palnting a suspension
of antimony powder in a collodion acetate solution
on to an salumina coated tungsten splral and mounting
the splral at the center of the spherical bulb, A
mlca dlsc prevents the subseduent evaporatlon of
antimony over the whole bulb, and leaves a clean
window through which light 1s projected in the
usual way, The schedule 13 zs followsilw

(2) Seel cell on to the pump, exhaust and bake at
a temperature of 350°C for 2«3 hours.

{b) Cool cell, and evaporate the antimony from the
apirel untll an optical transparency of 70% is
attained by the antimony deposlt on the bult
walls,

(c) Generate caeslum from & mixture of caesium
chromate and aluminium contsined in s nickel
conteiner in g side tube, The mixture coneslsts
of one part caesium chromate to three parte by
weight of aluminium, Cgesium 1s digtilled inte
the tube A (see fig ) and then the side tube 1s
sesled off,

(d) Bake the cell at 150°C for 20 minutes, The
colour of the antimony layer changes to a wine red,
but if thicker lsyere of antimony have been
deposited the colour will be green when observed
by transmitted light,
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(e) The photoelectric sensitivity is measured and at
this stage 1t should be 30 microamperes per lumen,
measured with the light source at 2700°K. If this
sensitivity is not atbtained the tube should be re-
baked at 150°C for 20 mins,

(f} In order to increase this sensitivity, oxygen is
admitted to the system while the exhaust pumps
are still working. This oxidation treatment shou <
double the sensitivity, and in rare cases bring i.
up to 920 microamperes per lumen,

(g) Seal off the cell from the pump.

According to the notes given independently by Prof
Schroter, no preliminary coating of the bulb wall with
silver or nickel etc. 1s required, as the antimony laye:
1s sufficlently conducting. A final baking treatment
may be given to the ssaled-off cell, Oxidation of the
caeslated surface is advantageous, but the treatment mu:
begin after a little emission has been atta ined., The
spectral response of the antimony caesium cell was state
by Prof.Schroter tc lie near 4000 AV, with a little res-
ponse above €000 AU,

e Drs.Goerz and Flechzig gave an account of their
procesgs, which differs notably in that no oxidation trecs
ment is carried out, Process as follows:-

(a) The cells have the same construction, c¢leaning, and
baking treatment as the silver cells, described under
process 2 for silver oxlde~cassium cells, but presumably
at a lower temperature than 4509,

(b) Caesium is introduced with the bulb temperature
at 2009,

(c) Cold sensitivities of 100-270 microamperes per
Hefner Jumen were frequently obtained., A4 good cell

rose in sensitivity on cooling, while an over-cassiated
surface fell in sensitivity. Neither in the silver or
antimony cell was an attempt mace to avoid the direct
exposure of the cathode to a jet of caesium vapour and
Dr.Flechzlg stated that there was in faet a considerable
sensltlvity variation over the cathode,
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3, According to Dr.3auer, the work of Gorlich had
arisen from a systematic study of inter-metallic
alloys. Dr.Uhlmann stated that the photoelectric
properties of caesium with antimony, bismuth,
gerranium, iridium, tin, arsenic, and selenium had
been studied and that the sensitivities were rough-
1y in that order ranging from good to poor. Prof
Schroter stated that the substitution of other
alkali metals for the caesium had glven no concluslve
results, Dr Weiss and Nr.Michaells gave the inform-
ation that gas filled cells of the antimony caesgium
type are not made,
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PHOTOELECTRIC MULTIPLIERS

The photoelectric technigque which has been des-
cribed was applicable also to the processing of electroep
multipliers. The Welss pattern seems to have been used
to a much greater extent than the Zworykin type. The
moat complete detalls regarding processing were obtained
from Dr.Thelle of Telefunken, who was questioned at
Marburg, and his method of producing multipliers l1s givep
firat,

1. Dr.Tneile described the process ag follows:-

(a) The multiplier assembly consisted of a succession
of fine mesh grids spaced 3-4 mm apart, Each grid
was a woven gilver wire mesh of 100 wires per om
having a shadow ratio of 50%. The grids were
supported on nicksl amnulae, with shadow flangss
2-3 mm in depth. The array of dynodes was fixed
to mica supports and the whole mounted from the
pinch, and the system was surrcunded by a cylind-
rical sheath of coarse rmetal mesh held at cathode
potential in order to awoid the collectlon of
charge® on ths bulk walls. The last dyncde was
a shallow silver cup, and the secondary electrons
were reflected back from this te the final collscto
wnich was of coarse pitch. The electrodes were ‘
outgassed in hydrogen at s low pressure.

(b} The photoelectric cathode was usually of the ant=
imony ceesium type. The antimony was produced by
evaporating pure antimony from a bead in a tung-
sten spiral using a mica shield to ensure a clear
window., In order to prevent the formation of char-
ges on the glass the window was kept as small in
ares &8 possible.

In early designs the evaporator spiral was fixed

in the bulb, but it was found that the sbscrption
of cagsium by antimony left in the sapiral led to

a rapid fall in sensitivity, To aveid this an
attempt was mede o reduce the quantity of ant-
Imony left in the spiral by using a roughly sprayed
alumina layer on the tungsten spiral and then
painting this with powdered antimony which was
pushed into the cracks in the alumina coating.

«l 9=
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in the final design the evaporator could be with-

drawn entirely into a side tube and sealed off. In
order to accomplish this the evaporator carried an iron
slug, which could be moved by electromagnetic means.

tried

High fregquency induction heating had alsc been
to evaporate the antimony but this was not suffic-

iently controllabls,

{c)}

(d)

(e)

(£)

The caesium source was a 1:3 nixture of caesium
chromate and aluminium, well outgassed before
peileting. At the correct stage, described bhe-
low, the caeslumwas generated and distilled in-
to a second reszervoir chamber, and the capsule
compartment was sealed off,

In earlier work the caesium was condensed on to
the evaporator baad, which was carried into the
tube and then svaporated off, In the final den-
signs the caesiun was allowed to distill into the
tube by bakinm,.

Oxyzen is required for the oxidation of the
multiplier grids end was obtalned by heating
potassium permanganate, because this has proved
sufficiently sa*isfactory.

Cleaning and sealing in. The bulb was chemically
clesned, The assembly was 3 ealed in using nite-
rogen or "forming sas” { & mixture of hydroszen
anl nitrogen) passing through the envelope.

e processing on the pump was carried out as
follows,
Exhaust and bake at 350-400°C for 1-2 hours,

thien cool,

Admlt oxygen to glve a blue plesma discharge
when 100 volts AC is applied between adjacent

‘grids., Oxidise to the first blue colour, and

then pump away oxygen when all the grids have
been treated.

81“8 gt 1509C for % hour and then cool,

Briry the evaporabtor into the bulb, apd evap-
orals to give a blue-grey (crystalllne} deposit,
just He”ond the brown colour. Dr.Thelle wag of
fne opinien that the precise thickness of layer
was not important, provided that the subsequent
ca esium distillation was cdrruun*

Ca@slmm iz generated, In earlier tubes, the
multipiier section had a ssparats source, but
thig was anandoned,



Bake tube at 150-180°C until the peak sensit-
ivity is attained at the photocathode. The
multiplier section 1s then over-caesiatsd for
optimum multiplication, but the tube can be
paked. Seal off the multiplier., The photo-
cathods sensitilvity is about 50 microamperes
per lumen.

(z) Operating data; 11 stage multipllers operated
at 200 volts per stage gave an overall galn
of 50,000, with about 200 microamperes final _
current, but the life was more than 1000 hours.
Ndrmally 300 volts was applied between the
cathode and first dynode, but Dr.Karolus had
found the %transit time excessive for hig high
defenition systems and had employed 1000 volts.,

Six stage mulbipliers had been made by Telefunken.
0ells had been made with the first mesh bulged to-
ward the photocathode but this was not found to be
nece ssary.

Attempts had been made to produce multiplyling sur-
faces by evaporating antimony on to the gilver mesh
wires; however antimony alloys with silver. Thick
antimony ccatings were triled in consequence, but it
was then difficult to saturate the layers with cae-
sium, Theile had, however, obtained gains of 20 per
stage using antimony on nicksl grids and found the
surfaces to bs very resistant to fatigue, to electron
bombardment, and to high operating temperatures.

2 A gsimilar Weiss type multiplier having 17 stages
was described by Drs.Goerz and Flechzig, of Fernseh,
{see figure 5) but it had a silver oxlde caesium
vhotosurface, with the cathode base formed by chem-
ical deposition befores sealing in.

teen electrodes were formed from silver wire
ids, approx 25 mm diameter, spaced 1 rm apart.
consista of 50~100 wirss per cm with wire
50 microns, and a shadow ratio of 50%. The
wss stated not to be critical and the curve
wultiplication was found to be flat,
with 70 volts per stage is 2 at
is 3.4 at the final solid silver re-
#i%h the penultimate grid as the out-
e raxinum current rating was one
J0-2C0 volbs was used between cathode
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pulged towards the photocathode.

In processing the tube, the baking is carried out
for siz hours at a temperature below 4£00°C to prevent
aggregation of ths silver. at oxidatlon, obtalned by &
1000 volt DC discharge all the elechrodes are oxidised
to the first deep blue colour, Caesium is distilled in
from both ends of the cell, because the c¢ells are construc-
ted by a molded-in glass diaphragm at the entrance to ths
maltiplier section, and the grids are activated to glve
maximum photosensitivitye.

The -1ife of the tubesz was wvaguely claimed to be over
1000 hours. It was stated that the Rerlin factory had made
400 per month during the war, but Dr.Flechzig did not Mmow
for what purpose,

2. Dr.J.B.Welss describad a very interesting meschanical
deslign of the meshed grid multiplisr, exploying the disc
seal construction, (see figure 6}, The grids were ca rried
on copper discs which were asparatsd from onme another by
glass cylinders approximately € mm in depth. The overall
length of 16 copper discs, zeparated by 15 glass cylinders
was approximately 30 mm. There were {ive different types
of dlsciw '

first dlse was dished o
nt the deposition of cathode

L8 nder,. This mainbzined

{a) At the cathode end. Th
act as a shield to prav
materisgl on the flrst 3z
2 high insulabion beitwesn the first two dlscs. The
disc also formed scntast with the sathode.

o Dtw

o
3

[ R :G’ Q

(b) The nert 12 discs wers all identical, They carried
silver wire meshes, wire size 30 microns, spot weld-
ad to ths discs. The grid had 3600 meshes per sd.
em with a shadow ratic of 50%. ‘

(¢} The next grid was simi
had 1000 mesh=s only ¢

3

S e Yy o~ - — ~ I T
iar bo the pregesding 12 but
27 SG.0m. in order to caTry

larger current.

{d) The collector anode, marked 4 in the diagram ({sse
figure 6} had slots formed by punching the diacs to
turn nine strips of egual width, edge on T¢ the plane
of the dise, sc¢ that the disc resembled a bhoobt soraps
The slots were 1,E5 mm widse,

{8) The final dynode had z silver disc attached to
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the copper seal. The disc had 8 radial slots
06 mm wide, sach slot terminating at a hole

l.2 mm diameter on a piteh circle of radius
«6.rm, Eight additional holes were punched on the
same pitch circle, between the holes terminating
the slots. :

Soft glass was used and in fuzing the seals the
temperature should be kept as low ag possible to reduce
the possibility of the meshes melting or sagging. The
photocathode was of silver, which was oxidised and
caeslated in the nsual way, but caesium was also vapour-
ised in from the anods end of the tube, In operation
100 volts per stage was normally employed, with 125-140
volts the maximum rating. The stage gain lay between
2 -2.5, and with alr cooling of the copper discs an
output current of 30 milliamperes can bhe carried.

An actual demonstration of this tubs showsd a
current amplification from 0,01 microamperss at the
photocathode to 15 milliamperss at the output electrode,
the overall galn being 1.5 millions.

4, Pursher descriptions of the Welss type multiplier
were given by Dr.Rolf MBller of Fernseh, and Dr,Uhlmann
of Lorenz. The former stated that silver cassiun had
been used as the photoelectric emitting surface., Sev-
enteen meshed grids had been used for the dynodes,

each mesh being made of pure silver wire, 10,000

meshes pPer ctme.sd., Wwith a shadow area of GQ%, and the
spacing employed lay between 1.0 and 1.5 mm. i

flrst meshes bulged towards the cathods, The elcch-
rodes were attached to cne mm. Fernico rods,.

Uhlmann had worked with a 12 stage multiplier,
having a gain of 30,000-50,000 at 60 volts per staze,
The meshes were of 30 micron diameter purse silver or
magne sium~silver alloy wire, 10,000-20,0C0 per sq.cm.
with a shadow area 40~60%w. Since the disecussion with
Dr,Uhlmann was not completsd {due h's illness) full
detalls were not obbained, but it 1s understood that
the processing was very similar to that given by Dr.
Uhlmann for silver oxide caesaium photoeslls,

=26
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S5.Ing, H.Franz, of Telefunken, described the sole exeample of
aworykin target type of multiplier, Types having 6, 14, 18
stages had been consiructed, giving a stage gain lying betwee,
2-3, with a potential difference of 100 volbs per stage.

The later work was confined to the six stage multiplier, A
significant feature of the processing, which was the same ag
for the silver photoeell described in this report, was that
the colour of the multiplier plates during the long period
baking (4-5 days at 60-709C) changed only to a dark violet,
whereac the cathode color changed from violet blue to a dark
green matte.,

6+ The subject of electron multipliers was discussed with
Prof. Schroter of Telsfunken, on an interview at Heldenheim,
He stated that even with alloy targets such as sopper=
beryllium (1% beryllium) or silver-megnesium it was still
essentlal to distill caesium into the bulb to get good re-~
sults, Copper-beryllium alloy has the merit of giving high
mulbiplication at high target tempsratures,

The noise level of secondary multipliers was so high
that until now only ths photo multiplier type could be
successfully utilized., Dr. Welss and Mr Peter of the Reich-
post Research Institute, and Dr.Flechzig of Fernsch had
trisd to make thermicnic electron multipliers, but had soon
glven up. He thought that a caesium cathode, operating at
200°C might solve the problem of noise and propcsed a
storage type of cathode made of caesium chromate powder com-
pressed between magnesium folls, The caesium developed by
the reactlion would slowly diffuse to the surface to provids
the thermionic emission.

7« It was learned that the Hsraeus firm of Hanau, had
supplled silver-magnesium alloys, containing 0,5-5% magnesium,
to the Reichpost in small quantities, but Herr Droscher, who
was Interviewed at Hanau, haed no knowledge of their use.

A translation of a short report from Heraeus follows:-
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nThe Production of Magnesium-siiver Alloys"

The silver magnesium alloys were prepared in small
guantitiss with 0.5-5% of magnesium, Supplies were sub-
mitted to the Reichpost.

The method of preparation is as fellows:

Melting: Silver was melbted in an oven under a protect-
ing gas, and then covered with a salt layer,
Finally the magnesium was added and the alloy
was cast under protzecting gas.

Working: It was best to machine the ingot since the
surface often conbtained dross. The alloy
was 307 cold worked, with intermediate annsal-
ings at 650° under protecting atmosphere,

It should be mentioned that the alloys in spite of
the above workling method were not always free from de-
fects and were remelted bscause they showed cracks and
blowholes. This was principally the case with alloys of
high magnesium content.



TZLEVISION PICK~-UP TUBES

The manufacsturing processges for television
rtek~up tubes described in the accompanving sectian
are very simlilar in all essentials to the commonly
known methods emplnyed in Zngland and Amsrica, Lesgs
progress has been made however in the deveslopment
of the tubes for manufacture in falrly large quanti-
ities,

In the fleld of antimony~mosales, several of the
methods descrilbed are novel, but thelr value canrot
be estimated with any accuracy as they were 1ln very
early stages of development, Generally sneaking, the
tyvpe of tube produced would not be acceptable 1n
high quality televislen services, but 1t should te
borne In wind that these tubes were designed pri.
marily for use in gulded missiles, and many un-
desirable factors such as pronounced backgrouni,
slightdistortion of the image, very red sensitive
geurfaces, and mlcrophonle nolse, zould be toleraiel
for such militarv vses,

1
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|GONOSCOPES
Two types were made during the war for use 1n
mided projectijes, These had mosalc targets 10 cm X
fcm, and 5 en X 4 em respectively, the smaller tube
selng & scaled down verslon of the larger one,

Work on these tubes hsad been carried out by
Fernseh, Telefunken, snd to a small extent by Zelss-
Tkon, The majority of the lconoscopes made had caeslium
gilver-oXide mosalic photo surfaces, with & high
geneitivity in the red end of the spectrum, Some
work had been attempted, despite frequent interr-
uptions by bombing, on methods for producing grealer
overall photo sensitlvity and a shift of the spectral
responge peak towards the blue end of the spectrum T
gystem in which the tubes were incorporated was a Ry
line one, and the resclutions obtained from these
teonoscopes was in the malin only Just good enough for
thls, The 1imiting factor in the case of the later
tubea appears to have been the focus obtained from the
electron guns uged and was not due to troublee assoclated
with the mosale surfaces, Bad background in the pictures
due to faults in the mosalics gave considerable trouble and
the later technigues were all dlrected towards means for
improving this background,

he

The iconoscope vwas never regarded as a sultable
article for quantity preduction metheds in processing
and eaeb tube received individual treatment,

~ FORMATION OF SILVER MOSAIC TARGETS

The mosalic was formed on a high grade mleca
sheet, of thickness between ,001 ~ ,003 inches, Canadlan
Amber mice was the maln material used, Thin glass
sheets had been tried, but had been abandoned because
thev could only be obtalned ’in thicknesses down to ,00U
lnehes, which made the capacity of the mosalc elements
to the signal plate electrode too small, The glass
wag quite satisfactory mechanlically and chemieally
however, The signal plate electrode was formed on the
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was formed on the opposite face of the mica to the
mozaic, usually befors forming the latter, and well
known techniques such as evaporation of metal in
vacue, sputtering, or deposition from colloidal
metal paints were used,

German technlgque in the formation of the
mosaic surface was built around the heat aggregation
of an evaporated silver film, This process was orig-
inally carried out before mounting the mosalc in the
lconoscope envelope, but the removal of the target
from the vacuum chamber in which the silver was evap-
crated i1ts transportation, and basking for a few seconds
at 800-900°C, 4in air, to aggregate the surface, and
then the subsequent handling while mounting in the
iconoscope; all this led to the contamination of the
surface by dust, fibres and air-borne grease, Con-
sequently such mosalcs frequently showed a badly
marked 'background! when scanned, Dr Flechzig of
Fernsch had used this method to the end, but Dr.
Theile of Telefunken developed the technique to a
stage where the mosalc was formed in vacue, in the
lconoscope envelope,

This technlque was developed in two stages.
Firstly an attempt was made to make the mosaic Inside
the iconoscopse. After an outgassing vacuum bake, to
clean the surfaces silver was evaporated from two con-
ventional sources in front of the mosalc (see fig.7).
These were screened from all parts of the tube except
the target and the walls of the tube for about one cm,.
in front of the target., The silver thickness was
Judged by observing the ilayer on the tube walls and
thlis was made just thick enough to be opaque to a 60
watt leamp filament. Nitrogen was then admitted at
atmospheric pressure and the whole tube baked to 400°C
for 10 =20 minutes, This caused aggregation of the
silver on the target and tube walls, -

It was felt however that it would be more desir-
able from the standpoint of good wacuum praectice to
form the mosaic in vacuum, and such was ultimately
done, In this technique the silver was only deposlted
to a thickness that would absorb and reflect 80% of
a beam of white light projected through the layers on
the wall in front of the mosalc. This was measured by

-3l
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& photocell, the type of which was considered un-
important. Such a layer would then aggregate in
vacuo at about 300°C, gave a very clean mosaic of
goed converging ratio, but reguired very skilled
treatmsnt in the photo-activating process in order
to malntaln adequate inter-elemant insulation.

™e earlier methods of mosalce formation were
the dust settling type.

Very fine silver oxide or silver cerbonate dust
was carried In small fuffs in an air blast into a
long conical vesssl {(gee fig.8). The target was held
near the top of this c¢one and was under a cover. This
system assured that only the Tinsst dust particles
would diffuse into the space above the mica and settle
on the upper face. The process was repeated, usually
about ten times, until under microscopic examindtion
the mica appeared completely covered with dust, The
target was then placed in an oven at 900°C, in air,
to reduce the oxide or carbonate to silver which formed
as discrete globules adhered firmly to the mica, and
gave a covering ratio of about 50%. This process was
estimated complete by observing the color changes.
Dr.Theile considered thls ths best method for making
a8 mosaic, for low definition {200 lines), where very
high insulation between mosslc elements was reguired,
This was becsuss the sphsres made approximately point
contact with the mica and so left large leakage paths
between adjacent elements (see £1g.9). .

PHOTO ACTIVATIOK OF THRE STLVER MOSAIC

The wvacuum treatment of tha tubes followed the
practice common in photocell and cathode ray tube
manufacturs, and the rosalc was formed on the clean
mica surface of the target. This was thern oxidised
by discharge in a low pressure of oxygen, tho precise
prossurs {about 0.1 mm Hg) being adjusted by inspection
to give the most uniform plagma discharge in the en-
velope. Dr.Flechzig ussd 1000 volts DC between signal
plate and the wire ring one c¢nm, in front of the mosaic
to cause *the discharge, but Dr.Theile used an electrode-
less HF discharge, with all tube slsctrodes fleating.
Ths DC method did tend to pro

BB



-duce heavier oxidation round the periphery of the
mosalc, while with the HF, the external movable
electrods could be traversed about to give perfectly
uniform oxidation. In all cases the cxidaticn was
carriad out until the colour cycle had arrived at
the first deep blue, when the mosalc was viewed
obliquely. Thls gas was gumped away and the tube
baked at 150°C for about 5 hour. The source of the
oxygen was usually heated potassium permanganate.

Caesium was generated from a cassium chromate-
aluminium powder mixture, by high frequency heating
of a nickel capsule contalning the mixture. Dr.
Flechzig preferred to produce metallic cassium from
from this gource and boittle it iIn a small breakable
glass capsule, which was smashed electro-magnetically
at the appropriats time., Thls was done on grounds
of safety, because hs felt that the large pellets of
chromate mixture rsquired were rather explosive and
also because the method avolded the 1lnevwitable glight
relsase of gas during the reaction. The point appear-
ed to be largely personal preference however. Dr,
Theils on the other hand had the more slehorate
activating technique and had the cassium chromate-
aluminium mizture In thres s=separate capsules providing
about € mgy; 3 mg, and 1 mg of caesium respectively
(see glpurse 10).

Dr.*lechzig activated his mozalc by distilling
in small doses of cgsesium and baking the tube at about
18000 until peak sensitivity was obtained. His method
of measuring the emigsion frcm the mosaic surface waa
as follows: The signal plate and last snode of the
slsctron gun were initially eartheds. Then the ancds
was maede 100 volts negative with respsct tc earth and
the tube was brightly illuminated, Fhotoemission from
the anode would then charge the mosale to about -100
volts. The tube was darkened and the anode sarthed
again, A vsry weak light was then projsctaed unifornly
on to the whols mossiz, so that a photo current of €.l
microamp would flow, This charging current in ths
signal plate lead was measursed by a valve electromster
uged as a current measuring device, With such a weak
light readings could be taken for about one minute,
without the mosalc reaching such a potential that the
bhoto-current was no longer maturated, Naturally such
readings could not
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be made with the lconoscope being baked, bscause o
thermal emission from the mosaic and alsec gmall OO
leaks over the glass walls would cause the method
to break down., Dr.Flechzlg seemed satisfisi with
the method despite its limltations. When peak sen-
gitivity had been cobtained the tube waa gealed of?
and had no further proceszsing,

tube that warranted further work & finsi &d
to get the best results.

Dr.Theile had elaborated hig metheod of activT-
ation to provide a preliminary examinaticn of the
quality of mosalc and gun focus and thsn gave @

Ty
M’ Lk

_ The first 6 mg of caeslium were generabed znd
distilled into the warm envslope of Ths tubs and
baked in at 18C°C, The sensitivity was observsd Ly
spplying 100-200 volts between signal plate and gun
anode, Light was projected on to the whole mosalc,
through a rotating dilsc conbtaining & blus window,
a green window and a red window. The surrent in
the signal plabe lead was amplified and used To de~
fleet the trace of an coscillograph {(see fig.1ll).
This produced thrss square pulsss representing the
blue, green and red sensitivities of the surlace.
Cbasrvation of the absolute and relative amplitudes
of these ensbled Dr.Theils to judge by sxperisnce
when the baking was finished. Occasionally ths mosale
was dischargsd by reversing the polarity of the applied
voltage and irradiating the tube with white light.
The tube was then sealad off with the auxilliary pump
gtem and caesium pellet slde tubes attached and teat-
ed in a camsra. This snsabled the gun focus to be ex-
amined and the clesanliness of the mosaie chscksed,
It was known from expsriencs that thls first dosze of
caegium was insufficlent, sc that the mesaie Insul-
atlon would be good. It was also poassible to estinmatbe
how much more ca egium would be rasquired. I the tubs
was consldered good encugh it was then resealed cn ilhe
pumps and the breakable seal smeshed, Scanning colls
were fitbed and an image was projected on Lo ths
mosaic, TFurther caesium was relsaseqd from the other
two pellets and distilled in, and the picture from a
tube was examined continuously while baking. This was
continued until peak sensitivity was cbtained., Sheuid
slight excess of caesium be present, causing losg of
definition, this was absorbed, with the tube cold, by
raleass of small 6



amounts of oxygen in the pump system.
now evaporated, ocobserving the plcture until the first
signg of decreaging resolution could be noticed, The
tube was then baked at 170°C for a few minutes to
stabilize the surface and then was sealed off finally
ready for service. Dr.Thelle gave his opinlon that
for long life it was desirable to eliminate from the

envelope any material that would emit or absorb caesium
and so he favoured the above method of flnal adjustment |

of the tube while pumping.

MISCELLANEQUS DATA ON ICONOSCOFPES

(1) The surfaces had high red sensitivity, with

an overall white sensitivity of 10 microamperes
per lumen approx,

(2) The tubes were used with an crange filter
for haze penetratiom.

(3)

burn' and were therefore always overscannod.

(4) The wire ring in front of the mosalc was desir

able to make the shape of the spurious 'shading
signal! easy to correct ‘

(6) The construction of the tube gave some trouble

dus to nolse produced microphonically.

More silver was

l
%

-

|
|
|

The surfaces wers very susceptible to 'electro

1

1

!
|
|
|
l
|
l
|

b

!
(6) The resolution on the 10 cm X 8 cm target, with
100C volt besam and about 0,2 mieroamp, current gave'
100% resolution at 441 lines and would just see 600,

Dr.Flechzig reported 1000 line resolution for one
tube only, using a 3000 volt beam, and a gun cathode

with a very small spot of emissive coatinge.

(7)
trouble was encounterad,

(8)

Juccegs,

Getters were nct considered necesgary by Dr.
Thelle, but were used by Dr.Flechzig. No lon spot

Low velocity electron irradiation of the mosaic
to compensate the shading signal were tried without
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(2) It was noticed that the shading signal was less
pronounced the smaller the tube,

{10) Using an F.4 lens, the lconoscope needed a scene
1l1lumination of 1000-2000 lux t¢ glve a gignal to
neise ratio of 10:1.

(11) (Ses figs 12 & 13) ror the electrods arrangement in
the Fernsch and Telefunken elsetron guns,

2

PRCIALl TRANSPARENT SIGNAL PLATE ICONOSCOPE

TRIEVUNKEN: {(see fig 14)

o]

t.J

This tube had the gun coaxial with the mosale and
needed no keystone corrsction of the scan. The target
as ¢ em X 5 em and the combinablon of small silze and
adormal scanning produced a tube that wag very free from
shading signal, The mosaic was produced by the vacuum
aggregation method and the signal plate was made from
an evaporated film of tungsten (30% light absorbtion)
protected against water vapour by a thin evaporated
layer of quartz, Copper, nickel and ¢hromium had besen
tried as the signal plate, but oxidised toc easily.

The processing was as for the normal lconcsceope, but
owing to the loss of light 1n the signal plate and the
fact that the photosurface is inefficlent when illum-
inated from the underside,the effective sengitivity was
only one tenth of that of the normal iconoscore,

Dr,Theile thought that the simplest form of this
tube would be one in which the signal plate was depose
ited on the window, covered with sz layer of quartz and
the mogaic formed on this quartz layer,




—40-

STANNING COLS

\ WIRE RING
>
_|iH
. // 1
(e ———- -

B )

TUBE S3EALED . \TS?ANﬁ'PARENT

MICA MOSAIC TARGET

TOGETHER  AWAY SIGNAL PLATE

FROM THE SIeHAL

PLATE
FiG. 14 . TRANSPARENT  SioMAL  PLATE ICONQSCOPE
MOSAIC WHCA TARGET
FRAME SCAN COWS WIRE RING

-002" APERTURE

b A AT ST 7 ]
oy ooV // :‘:9:?:?.?.?:9.’.?2 |
TRAMSPARENT
hS SIGNAL PLATE OV
LINE SCAMN \
DEFLECTOR PLATES  —-C ED SCREENING .
C ER 0
ELECTRODE G0V CHEMICAL DSHUVER ON

TUBE WALL {00V

FiG. 15, ORTHICON PICK-UP TUBE




NETHODS OF IMPROVING SENSIVIVITY AsD COLOUR RESPONSE
OF THr ICONOSCOPE MOSAIC

The Germans were aware of the very thin silver
layer mosaics used by the Eritish and Americans in
iconoscopes but had tackled the colour response prob-
lem from the viewpoint of modification of thick laver
gilver mosaics 1n order to obtain greater overall sen-
sitivity, and also by sttempts to produce a satisfact-
ory mosaic of antimony.

It was found that in an iconoscope with a normal
silver mosaic, that 1f, after activation of the mosaic
in the usual way antimony were svaporated on to the
surface, then the sensitivity rose considerably and
the colour response of the surface became very similiar
to that of a pure antimony caesium one, The antimony
was evaporated from two beads, as for the silver evap-
cration. First, caesium that had been absorbed in the
bead evaporated, and then the antimony, which re-combined
with thls excess caesium., The thickness deposited was
gufficient to give a pinkish-red layer on the walls in
front of the mosale., If the mosalc did not have enough
caesium, the sensitivity would fall, but this could be
recovered by distilling in more caesiwm and baking at
1300C, Tt was claimed that mosaic insulstion was quilte
satisfactory and the surface was much less ‘gsensitive
to telectron burnt,

ARTIMONY CAESTUNM MOSAICS

Five methods were described, but it wasg difficult
To estimate the value of the msthods as they were in
their early experimental stages.

(1) Antimony was evaporat ed on to a mica shesb,
through a woven silver mesh, (piltech 100 bars/cm, shadow
ratio 50%). The mesh was held in close contact with
the mica by curving the two sheets over a largé radius
cylinder, This formed a mosaic of discrete elements,
which was mounted in the iconoscope in the usual way.
‘It had been

“dl-




found very difficult to activate this surface, but
no explanaticn could be given. The insulaticn be-
tween elements was good, but the gensitivity was
very low.

(2) A very high reslstance film of antimony was
evaporated from a tungsten spiral that had heen
coated with a paint of collodion and finely powdered
antimeny. The layer should not be thicker than 10%
light spsorbtion. Thie methed produces a film of
adequats lateral resistance, but the sensitivity

was 1loWe.

(3) An antimony mosale can be formed by the powder
settling method, It is claimed that no adhesive 1ie
needad,

(4) Antimony is evaporated at a very oblique angle

on to a mica surface that has been coarsely send-
blasted, The background from such a surface is ratber
infsricr.

(5) A mosalc of fine antimony particles may be formed
by the decomposition of antimony hydride gas. This
method was developed by Dr.Gold in conjunction with

Dr Theile, but was 3till experimental.

Two methods were descrihed. One consisted of passing
the hydride through a glass vessel, heated to 100-250°C,
The target lles in the bottom of the wessel and the ex-
coss hydride is burned as it emerges as it 1is very
poisonous, Fine particles of antimony adhere to the
target and good covering is obtained. The size of the
particle is a function of temperature and the rate of
flow of the hydride,.

The second variation is to pass anbtimony hydride over
dull red electrical elements, In a cool vessel. The
entimony dust settles as a rain on the target. Dr.
Theile claimed sensitivity of 20 microamperes per lu-
men for such sn activabted mosaic, but stated that
final trestment with oxygen was not possible because of
the comparatively large mass of the particles. This
prevents rapild diffusion of cxygen throughout the an-
timony-caesium alloy. These mosaics were not tried in
jponoscopes because of the cessation of work at the

snd of the war,
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SUPER ICONOSCOPES

From the photoelectric viewpoint, these tubes
wore treated as transparent caesium-gilver oxide, or
antimony caesium photocells and the activity tech-
niques were exactly as those described for simple
photocells. It was customary practice to introduce
the evaporator for the metal film base from a side
tube, withdraw 1t electromagnetically and seal off
the side tube. The small size of the photocathodes
(approx 8.5 mm dia.) made evaporation from such a
point source feasible.

The mosalc target was either of the 10 cm X
8 cmor 4 ecm X 5 cm size and consisted of a mics
sheet with signal plate backing. The mosaic had besn
of the caesium activated silver type in early tubes,
but later models all had magnesium oxide layers on the
mica, to glve good secondary emission amplification.
This layer was produced sither by smoking the layer
over burning magnesium ribbon, or by oxidation by ba-
king in alr of a thin evaporated layer of magnesium.
Amplifijcation factors of 8 and 9 at this surface
were claimed, but it was universally admitted that
this was an estimate, as accurate measurement from
such a surface was difficult,

The electron image from the plane photocathode
was formed magnetically on to the tarszet in the tubes
made by Dr.Flechzig. These operated with 800 volts
between photocathode and target and with a 1000 volt
magnetically scanned besm and resolved 400 iines. No
appreciable distortlon of the electron image was
claimed,

The Telefunken tubes used the electrode systen
of the A.E.G.Bindwandler to produce the electron image
electrostatically., This system operated at 1000 volts,
instead of 15,000 volts for which the Bindwandler was
designed, with some consequent loss of resolution. The
tube was satisfactory for 441 lines however, Owing to
the spherical cathode surfage it 1is necessary to cement
& correcting lens to the nose of the tube, which is
uged in conjunction with a Schmidt optical system. The
Super Iconoscope is about 10 times as sensitive as the
iconoscope and the storage properties are such that a
good picture can be obtained after exXposing the
photocathode ‘

wd B



to an image of a scene illuminated with one lux, for
several seconds, before scanning off the charge image.

THE ORTHICON

Only preliminary work has been done on the
orthicon in Germany. The work of Barthelemy in Paris
was well kmown, but investigations proceeded independ-
ently by Drs Flechzig, Diels, and Hartmann. TInformation
was only obtalned from Dr.Flechzig who had made a few
tubes, These had targets 4 cm X 5.cm square with a nor=-
mal heat aggregated asilver mosalc, and an evaporated
nickel transparent signal plate., This latter had a
1light obscuration of 50% and was deposited on the back
of the mosaic mica, after the heat aggregation process.
As in the iconoscope a wire ring one cm from the mosale
was incorporated to aid the oxldatlioen of the mosailc.
No decelerating electrode system was fltted between the
mosgale and the metallised walls of the tube. The
scanning was slectrostatic for the line and electro-
magnetic for the frame, All electromagnetic scanning
had been. tried but was dropped temporarily because
of excesslve induced currents in the signal plate from
the line scanning impulses. It was intended to return
to this problem when a sultable electron multiplier had
been devised for the return beam of the mosaic.

. The tubes completed were worked with a maximum
voltage of 100 volts on any electrode and with a 60
gausg magnetic field, 200 gauss had been tried but it
was found too difflcult to scan the tube under these
conditlions. The gun had a single ,002 inch diameter
aperture and was a diode. The control of the beam
current 1s achieved by altering the cathode temperature,
Deflector plates, curved in profile, (as in the American
Orthicon) were used in the line scan system, but Dr.
Flechzig thought that flat plates would be quite satis-
factory, Great care was taken to keep the orthicon in
the uniform section of the solenoid field, and short
solenoids teo compensate for the end spread of the fileld
were tried but found unne ce ssary. The activation of the
mosalice followed

wdd -
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iconcscops practice; bub as In the t ransparent sige

nal plate %tube, the affective photo-sensitivity was

low. ¥No antimony treated mosaica were itried, but

Dra.Flechzig Peported promiging results from a phioto-

ﬁachanicallg producad gilver mosaic (tranavarent silver)
with high covering power. The mosaic had no metallised

border cutszide the scamned area, ag thilis was considered

unece ssary, but it was admitited that the tube became
unstable, {i.e. the average potential of ths mosaic
rigag to trae™ of the gun ancds instead of starving at
gun cathede noosntia ;} vary =asily.,

5 microamp

isld waa

The resoiution of the tube with, 0,5
s
t fall away
o
i

baam 100 volts on ths gun, and a 80

g
400 lines in the center of the mosale, bu
badly in any rsdlal dirsotion. No rosation of the
corners of the scanning raster, or 3 bending of ths

&
line scan had been noticed, but the impress aton was
gained that observations had not been very critical.

See flgures 15,18,17 for the layout of the

crthicon and the proposed Weisa type maltipliers for
return beam working.
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- IMAGE CONVERTERSZ

The German technique for forming the infra-red sensity
transparent sillver~caesium photo-cathods presents no very
_novel features., The method of very slow formation of the

surface, over a period of days, with the tube sealed off th
purps 1s interesiing but appears tc offer no substantisl
advantage over more coanvensionsl nethods, and suggests a
la%oratory techniqus rather than a manufacturing process,

There seems Yo have been a marked preference for the
use of the mercury diffusion pump, rather than the oil
&iffusion type, and this again mirrors Ensiish and American
praciice,

The general use of a movable evaporator in Image Con-
vertors, as well as in television tubes and photocells ig
notable, as it mekes for a verv clean and gimple tube struc
ture, This method is mainly confined tc sxperimental work
in Allied countries. '
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3TLDWANDLER TUBES ( IMAGE CONVERTERS)

:11 The general appearance and electrods layout ot these

< heg has been previously described in reperts on German
infra~red equipment, but for eass of identificaticn the
.E.G. apd Lorenz tubes are shown in Tigures 18 & 21.

srnicht, Dr. Bosch, and the Tslsfunken group W
schroter, and the technigue used was Taliprly ups

The envelope was of Osram 5848, ul
:Jcoefficient of expansion 90 X 10 "i} e
sorts, namely the photocathode, slectro .
rregeent sereen, These tThres wers assen Salos:
ne sealing operation. The electron leng gysten on
418 central member was maede from thin aluminum pressi 5
spun over on to the glass member,
:J The glags was c¢leansd thoroughly in successive baths
¥ dilute hydrcfluoric acid, chromic acid, caustlc soda,

:nd finally rinsed with a wet steam jet from bolling distil-
ed water. Screening electrode and photo cathode bordsrs
ere made by evaporating silver on to the inner wall of the
shoto cathode section before assembly. This was preferred
“0 chemical silver because of traces of chemical lmpurities
n the latter. The fluorescent screen was wabter settled,
using traces of water glass and methyl alcohol in the suspen-
cn. The particle size of the screen material wes sorted
j:r s suspensicn settling method using Stokes formula and the
elected group was suspended in a 1/100 of 1% solutioca of
Scherings albumen to prevent floculation, and settled in the
ube overnight., The supernatant liquid was siphoned off.
ine Sulphide-Zine Selenide mixiure, Zinc sulphide~Cadmium
Sulphide mixture, or Zinc Cxide were used for The screen.
inc oxide was very resistant to caesium attack, but was
nefficient and ultimately the Zinc Sulp ideuGadgihm.Sulphide

was used becauge of its short leg of 1077 %o 10 gsconds,

- A5 =
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A thin Tilm of colledion formed by allowing =2 drop
1P collodion zolubtlon to spread on the surfacs of Tthe
;E@reen gsebtling fluid, is 2llowed to drop on to the screen

as the fluid syphons aways The screen was dried and a
fiilm of aluminiwn, moagmesium, or neryliium evapcrated on
:}o the colcdion. Thisz stabilised the scresn potential and
gave soms meagure of protection from cmesium attack. Work
was in hand on a method of forming thin berylium £films con
. polighed seodium chloride plate, which would dissolve
way. This would aveid the colledien £ilm and allow a con-

:ent powder, The usual gersen perticle size was 5 microns,
but high resolutlon =crsens of 2 miecron particles had heen

made, These would snable a ship target st rangss of 10 km
Jbo be identified.
'J After assembly a small disc was manouversd over the

electron lens aperture and this kept cassium vapour away

f'rom the sereen, Vacuum baking at 400°C for 5 hours was cac-
;ﬁﬂed out, the tuba cooled, and a magnetically mocved silver

evaporator was introduced into the photo cathods gection,

feating of the evaporator spiral wsas via flexible leads and
:Fsals in the pumping syvsbtem. Silver was deposited until

10% of the 1light from a white light source was refiscied

into a photocell (see figure 20). Dr.Schaffernicht oxidised

the silver of the photo-cathode completely bty applying 1000

volts AC from a transformer betbtwesn the scathede and ancde

of the tube. Spectrally pure oxygen at 0.1 mm Hg pressure

was used from a glass reservoir. Dr.Bosch, howsver, pre-

ferred to oxidise by baking the envelcpe full of oxygen at

atmospheric pressure, at 100°C, This oxygzen was obtained
0y passing gas generated by heating potassium permanganate
;]over damp caustlc potash, to remcve traces of carben dioxide,

The presence of small guantities of water vapor was considered
- desirable. The oxygen waa pumped away and without further

baking cassium was generated in a side tube by smashing a

glass capsule containing metallic caesium. This was previous-

ly prepared by the caesium chromate-aluminium reaction. The
caesium was introduced into the tube by flame distilling soms
.Jof the caesium till it condensed on to the withdrawn evaporator

bead. The evaporator was advanced into the tube and warmed
Jge ntlye.
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to evaporate cassium uniformly on to the cold photo
cathode. The tube was baked at 60°C, sensitivity
readings being taken, the bake ceasing as psak sen-
sitivity was reached. This process was repeated
untll =axinum sensitlvibty was obtained, Dr Bosch
maintainsed that the thermal emission while baking was
no guide to the infraw-red sensitivity and a good
infra-red cell had only medium thermal emission and
whibe light ssnsitivity. The &0°C bakes may last
1-3 hours. ihen peak sensitivity has been achieved
the tube 1s cooled and more silver evaporated. Thails
cauges the sensitivity to rise and deposition is
continued until the sensitlvity has risen to a peak
and then Ffallen to 60% of this peak value. Baking
at 120°C then sends the photo effect to a new peak,
when the tube is cooled and sealed off,

The usual white 1light senaitivity was 24-30
mlcroamps per Hefner lumen and using a source ab
2400°K and filter passing wavelengths in the band
275=,9 mu, the ratioc;

Photo effect without Tfilter = 7 i.e. 15% red
photo effeet witn filter

The pesk sensitivity of such a photosurface lay in
the region ,38-1.,1 mu,

Operated with 3000 volig betwsen cathode and first
anode, and 1lC,000 volts between cathode and screen,
using a 50 cm diameter Schmidt (£/0,85) optical system
the radlation from a match at 2000 meters could be
detected. The brilliancs of the image on the scrzen
was enhanced by reduction of the electron image with
regnect to the optical imase on the photo=-cathode,
10,000 of these tubes, abt the rate of 1000 per month
were made at the Berlin factory of A4.2.G,

Dr.Schaffernicht mentioned a later experimental
activating technique in which the tuhe was baked at
80°C, and the caesium was allowed to diffuse in
slowly from a side %ube heated at 150°C. This method
was claimed to give slightly better results (see fig 19)
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A 0. 3. BITDWANDIER SCREENS

AT S T

Ty gn effort to producs high efficlency scresns
of amall particle saize (omne mleron) Dr.Wesh had develomd
a process, operating abt 1000 atmosphere preszure, for
Zine Solenide phosphors. Prof.Schlseds howevsr, produced
just .as fine parileles of good afficiency by soriing pow-
dsr produced at normal pressures by the settling msthod.
A Zine Sulphlds«Zine Selenlids mlxbture was very reslatant

to peoisoning during the processing of the cell, but had

. . i . w -
& decay time of abeout 10-® ssconds, which was undesirabdle
for scvams spplications, ’

TORENZ BILDWANDIER

The Lorenz Bildwendler by Dr Uhlmann was mads in
4 borosilicate glamss, Osram 424 {X~ray bulbj, and the <
electrodes were of copper-nickel, nickel-chromium or
mangane se-nickel, all non-magneiic materials. The photo
cathods was formed on a Canadlan Amber mica disc, SO
mieronsg thick, and the contact border was formed by painb-
ing on Heraeus "glanz silber®, ILeads are clamped to this
bordsr, Silver is deposited from & retractibles evaporator
after the 24 hour vacuum bake, and this is oxldised by a
400 volt source using 2 1000 ohm limiting resistance.
The tube is sealed off at the first stem and bsked atb
600C¢ for 1-2 days to form the pheto cathods, which appears
ollve~green in color., There 1s nc final silvering pro=
ceas, which it is claimed shifts the peak speciral
response further into the infra-red. The side tube which
had contained cassiuvm 1s sealed off and the tube is ready
for use. The screen materials used were simllar to those
in the A.BE.G. tubs.



DCPPEL BILDWANDLER.

This is an image converter with a i1ight amplifier
section. Both parts of the tube are contained in =
common envelope, and both have the A.BE.G. electrode
gysten. :

The firat section is the normal infra-red Bilde
wandler and has the gllver-casslum photo cathode,

The second section has its photocathode, a normal
entimony~caesium surface deposited on the opposite face
of the screen of the first tube. Since thers is a vacuum
on both sides of this window, it can be made of very thin
glass, which brings the sscond photo cathode close to the
screen and avolds logs of definition. A sensitivity gain
of 10 over the simple Blldwandler is claimed, Since both
sectlons of the tube are connected to a common vacuum
manifold, final oxygen treatment of the antimony caesium
surface could not be used,

LEAD SULPHIDE: ELECTRON MIRROR REFLECTION:
BILDWANDIE R

Dr.Schaffernicht deseribsed this tube briefly (see
figure 22). The general principle is that a broad besm
of electrons is reflected at an electron mirror and re-
aceslerated on to a fluorescent screen. The final
squlpotential of the mirror 1s formed by a Lead Sulphide
film formed on a thin platinum layer. Infra-red rediation
falling on thig film causes local potential variations
on the film, which distorts the equipotentials and so
cause a fooussing action on the reflected electrons.
This in turn produces a variation in She intensity of the
electrons striking the sersen and so producses an intensity
variation in the fluorescence of ths sersen in accordancs
with the rad;ation striking the lead sulphide f1iim,

£
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PRODUCTION OF CADMIUM SULFHIDE MIRRORS

Cadmium sulphide can be produced, not cnly by the
conventional reaction betwesn cadmium sulphate and hydro-
gen sulphids, but also from cadmium sulphate and thic
ures. 1f Instead of an alkaline solution of the salt,
sadmium hydroxide is ussd the following reaction cbtainsse

CalOB}z ¥ sciuHg)s = cas ¥ owmms ¥ g0

in e secondary reaction cyanamids and ecadmium
hydrozide form cadmiun cyanemids, Therafore by combhining
the sguations:

Ca(0i)g T 50{WHz)p « a5 ¥ CNNHg + 2Hgo
CN.MHp % G&{0H)p = C&,N,CH ¥ 2Hpd

The final equation is cbtainsed as follows:
203(CH} ¥ SC(MHglz = Ca3 ¥ ca,N,om + 4u.0

Because of the small yisld of cadmium sulphide due
to the peoor solubility of cadmium hydroxide, and beeause
of the formatlon of cadmium ocyanamide, it is preferagble
te work with the complex compound=-cadmium-tetraammonium
sulphete, which is made from cadmium sulphats and ammon-
ium hydroxide:~

Caste ¥ -4HNz = (Cd(NHz)Z) s04

This complex cadmium salt reacts with thic urea to
form cadmium sulphide only. Thils reaction is very slow
end is mot purely ionie, but the slow formation makes
uniform precipitation on to suppérts of glass or metal
possible. Such deposits are similar in nature to the
better known Lead Sulphide Mirrora. '

.

LABORATORY DATA
1l Mol Cadmium Sulphate Seln

1 Mol Thio urea Soln
2 Mol Ammeonia Soln

=57 =
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PROCESS:

Into a 150 c¢c¢ beaker pour 10 ce Mol cadmium
sulphate soln, 50 ce Mol Ammonia zoln, 1C ce
Mol thio urea =zoln, Suspend target plate
gpprozimataly 2 cin below the zsurface of the
liguid, Hsat soluticons to 72° for 30 minutes.
On & plate 34 mm dilameter, 8-7 xg of csdmium
sulphids should depcsit, Hepsal the process
for thicker laysrs,. ‘



TEE KRAHUWINKEL STORAGE TUBE

This tube was described briefly by Dr.Xncll,
(see figure 23). A photosurface i1s dusted with aluminium
powder. This alumina powder is set to an equilibrium
potential by scanning with & 1000 volt beam of electrons,
At this beam velocity the secondary emisslon ratio from
the aluminium oxide 1s greater than unity., Thia beam is
blased off, and the target is now scanned by a 3000 volt
beam, intensity modulated by a chaln of radar signals., This
produces a negatlve charging of the particles, because tls
secondary emission ratioc is now less than one, and the
charges will be proportional to the intensity of the beam
at any given point &long the scamning track. The photo-
cathode 18 now illuminated and the changes on the 1illum-
ination act as a control grid, modulating the eleciron
ermission from different polints of the photosurface. The
released photo elsctrons are focussed by suitable means
on to & fluorescent screen at the far end of the tube
and produce a visible Image of the radar signals, which
would persist for some considerable time. It was claimed
that the stored chargs Ilmage would persist for several
weeks. No process detalls were available,

5 Qe
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DOS3MANT

G5/800.

EICH

C9/80L.

ESAU

C9/802.

Work included photo-voltaic
infra-»3d bolomebers. ¥ow work-

ormarly with A E.G., Berliin,
manuiscturing processss for photo-

Now iiving at Schloss Wolfghrunnen
EEA ETE.

: Dr; formerly worked on television circulbs

under Dr Karolus at Leipsic. HNow living at
Albert Franke Strasse 7, Usingoen,

Dr; or staff Brunswick Technizal High School,

in co-opergtion with Volghtlander Opilcal Co.,
Erunewick, dsvelcped a method using photoelectrie
celig for preduction testing of lenses. Now at
Braunzcawelg Str.9, Brunswick,

Dr.Eilds: research chemlst at Kest snd Ehinger.

Made Pb3 and FbTe cells., Has submitted s report
on these cells to Ue3S.Army. Now working at Kest
snd Ehinger, Krupp Sirasse 2, Stuttgart-Fuerbach.

Dr. helmut; rezsesrch chemlst at Kast snd Ehinger,
Made PbS and PbTe cells and smell grain size
Phesphors, Now working 2% Kast and Ehinger,
Erupp Strasse 2, Stuttge  L-Fuerbach.

Prof Abraham: Director of resesrch for DVI, and
DFS. Hesdquerters at Cberfaffenhofen., Worksd
on Infre-red measurement and did resssrch on
Production end Measurement of radiation im the
range 75C - 1000 microns,
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FUCHTBAUER Prof.: Retired. University of Bonn. Research

C9/803.

FLECHZIG

C9,/804.

FLEISCHER

c9/805.

FRANZ

£9/805.
HALBECK
c9/807.

HANLE

£9/808.
KNOLL

c9,/809.
GOERZ

€9/810.

into variation of photo-effect in galena beltween
different samples, and behtwsen sorples under
different mechanical and physical conditions,
Now 1living in Bonn University.

Dr.W.: Fernseh GmbH, Berlin. Wcrksd on phcto-
cathodes and picture tubes of alli types. Now

_working with very small staff of Trilke Werks,
Hildesheim.

Dr.Richard: Formerly DFS, Almring. Worked on
photo-emissive cells and electron multipliers,
Specialized in silver-oxide-casslium cells with
responss up to 1.5 mu. Now working for Dr.
Brinkmann at Kurhauswag 150, Grunenplan uber
Alfred/Leine.

Ing.Heinrich: Formerly worked on photo-emissive
cells and electron multipliers A.B,G.Berlin,
Now working at Telefunken, Sickingensatrasse 71,
Berlin.

Ing. Michael: Formsrly worked under Dr. Knoll
and Dr,Theile on photocells and plcture tubes
of all kinds at Telefunken, Berlin. Now ab
Brunngarten Strasse 5, Dachau,

Prof.: Under Luftwaffe direction devsloped

a type of Geiger-Muller counter for use in a
proximity fuse operated by ultra-viclet light.
Now at Physicas Institute, University of Glessen.

Prof.Dr.Max: Formerly direcior of Electronlcs
ressarch at Telefunken, Berlin. Now living at
Bocklin Strasse 36, Munlch, Nymphenburg.

Dr.Paul: Director Fernseh GmbH, Berlin. Now

organizing small Fernsseh group at Trilks Werke,
Hildesheinm,
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KILUGE

c9/811.

KUTZCHEER

c9/631.

MICHAELIS

c9/812.
MOLLER

C9/810.

PRESSER
€9/813.

SAUER

€9/814.

SCHAFFERNICHT Dr,:

Prof.Dr.Werner: Formerly head of photocell £
development at A.E.G., Berlin, Recently hag
applied for a patent on a image converter
light ampliflier. Thils has bsen reported on,
Now working as consulting engineer at Schlogg
Pullach 6, Bad Aibling.

Dr.E.: Formerly head of department developin,
PbS, PbSe, and PbTe cells at ELAC, Kiel. Noyw
assoclated with Kiel University and living at
Nettlebeck Strasse 6 Kiel,

Herr: Has done development work on electron
multipliers at Reichpost Forschungsanstalt,
Aach, near Engen. This institute is now man-
ufacturing broadcast eguipment,

Dr.Rolf: Director of television research at
Fernseh GmbH, Berlin., Developed iconoscopes,
super-iconoscopes and small television cameras
for use in missiles., Now organizing Fernseh
GmbH at Taufkirchen. This small plant is en-
gaged 1In valve repair and test instrument
nanufacture,

Dr.: Director of Blectrocell GmbH,ﬂTeltow-Kanal
Strasse l-4, Berlin, Developed selenium photo=-
voltalic cells for exposure meters.

Dr.Hans: PFormerly head of design dept. Zelss-
Ikon, Dresdon, Among his subordinates was Dr.
Gorlich who developed antimony-caesium photo-
surfaces. Now at Silcher Strasse 2, Heidenheim

Formerly worked on photosurfaces and

c9/715.

image converter tubes at A.E.G., Berlin. Now
at Altenauer Strasse, Clausthal-Zellerfeld,
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' SCHROTER
€9/815.

THIELE

C9/816.

UHLMANN
c9/817.

WEISS

c9/818.

WESTERMANN

C9/819.

Prof. Dr.Fritz: Formerly head of television
and electronic research Telefunken, Berlin.
Now at Schlosshau 5, Heldenheim,

Dr.Richard: Formerly in charge of development
of photocells, electron multipliers and icono-
scopes at Telefunken, Berlin, Now at Marburg

University, and living at In Gefalle 4, Lahn,

Marburg.

Dr.: He worked on photocells, electron multi-

"pliers, image converters, and iconoscopes for

Lorenz A.G., Berlin-Templehof. Interrogation
was Iincomplete due.to illness.,

Dr.J.E.: Made silver-oxide-caesium cells usirg
Baird process at Reichpost Forsch-ungsanstalt,
Aach, near Engen, This institute is now manu-~
facturing broadcast equipment,

Dr.Ernst: Director of Relchpost research at
Speyer and Saarbrucken., Improved process for
making silver-oxide~caesium photo-cathodes,
Now living in Neustadt and avallable through
the French Milltary Government at Speyer.
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