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The invention described herein may be manufactured 
and used by or forthe United States Government for 
governmental purposes without payment to me of any 
royaltythereon? 
The invention is directed to an improvementin the 

iconoscope,isocon,image orthiconandvidicontelevision 
pickup tubes,and more particularly to a photocathode 
whichisa highly eficient photoelectron emitter and a 
secondaryemissionmultiplier? 
Formostpickup devices,sone othernoise Sourcewith 

inthe deviceitselfdeterminesthe limitingsignal-to-noise 
ratio ofthe deviceandestablishesalowersensitivitythan 
ispossible with the device whichislimited bythe shot 
noise of the primary photoelectrons?In ordinary tele 
vision pickup tubes,the imitation issensitivity is deter? 
ninedeitherbythenoiseproducedbythepickuptubeload 
resistorin theiconoscope or bythe noisein the Scanning 
meansinthe case oftheimage orthicon?Itis desirable 
thatthe noise limitingthe detectivity ofthe tube should 
be the noise component ofthe dark current produced by 
thephotocathode?Toovercomethenoiseinthe Scanning 
beamorloadresistor,amorehighlyeficientphotocathode 
and Iow noise preamplification before the Scanning Sec 
tionisdesirable? 
The iumination pattern on the photocathode of an 

imagingpickuptube consists ofafuxoflightphotons Or 
quanta?For presently known photocathodes,Such as, 
the siver-bismuth-cesium-oxygen surface usedin image 
orthicons,one photoelectron is emitted for about ten 
?hotonsarrivingatthe cathode?The photocathodes used 
inimageiconoscopeorimage orthiconsare Semitranspar 
entwith theresultthatonlya fraction ofthe lightis ob 
sorbed by the semitransparent layer,The light pene 
trating the semitransparent photocathode wil be de 
focusedasitentersthespace behindthe photocathodeand 
wi1produceemission ofelectronsfromthe wal ofthe 
tube and from the target plate?This emissionimpairs 
the contrastand the signal-to-noise ratio in the video 
Signal? 
?tisthusan objectoftheinventionto provideatele 

visionpickuptubewhichwilabsorbagreaterfraction of 
ightfalinguponits photocathodeand producea picture 
under1owerlevels of sceneilumination? 
Itisanotherobjectoftheinventionto provideatele 

visionpickuptubehavinganimprovedphotocathodestruc 
ture which wilabsorb a greater fraction of the light 
falinguponitand producea picture underlowerlevels 
ofsceneillumination… 

Itisafurtherobjectofthisinventiontoprovide a Sub 
stantialy opaque photocathode capable ofphotoemission 
andsecondaryemission? 
?tisastifurtherobjectofthisinventionto provide a 

substantialy opaque photocathode capable of emitting 
photoelectronsateach pointonitsSurfaceindirectpro 
portiontotheintensity oftheiuminationintheimageat 
that pointandamplifyingthe number of photoelectrons 
bysecondaryemissionmultiplication? 
?tisastilfurtherobjectoftheinvention to provide a 

substantialyopaque photocathode capable of both photo 
emissionand secondary emission which can beincorpor 
atedinto a conyentionaltelevision pickuptube Structure 
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2 
forefectivelyextendingthe spectralresponSe ofthetube 
toinciudeacombination ofvisualandultravioletlightor 
visualandinfraredlight? 

Otherobjects,novelfeatures,andadvantages ofthisin 
vention wibecome apparentupon consideration ofthe 
embodimentsiustratedin the accompanying drawings 
and hereinafterto be described? 
Inthe drawings: 
FIGURE1isaschematiciustration ofthe novelpho 

tocathode structure incorporatedin an image orthicon 
tube; 
FIGURE2isa more detailed schematic view of the 

image Section ofanimage orthicontube; 
FIGURE 3isa schematicilustration of a modifica 

cation ofthe novel photocathodestructure ofthe inven 
tion; 
FIGURE4isaschematicfrontview ofa portion ofa 

venetian blind type of photocathode structure, 
FIGURE5isaschematic frontview ofa portion of a 

wire meshtype ofphotocathode structure;and, 
FIGURE6isa graph whichindicates how a broad 

spectralresponseis possibleusingthe FIGURE3modif 
cation oftheinvention? 

Referring now more particularly to FIGURE 1,an 
image orthicon cameratubeis shown comprisingagaSS 
envelope19 havinganenlarged portion12atoneend for 
enclosingtheimagesection ofthetube?Atthe Opposite 
endoftheenvelope10isanelectrongun14havinga con 
ventional heater,cathode and controlgrid Structure for 
producingan electron beam16?A photocathode struc 
ture29islocated within the enlarged portion ?2 of the 
envelopeatthe oppositeendofthetubefromtheelectron 
gun14?Spaced from the photocathode structure 20is 
the glasstargetelectrode30?Afne mesh Screen32is 
mountedcloselyspacedfromthe photocathodeside ofthe 
targetelectrode3?? 
The photocathode structure 20,as Seen in detailin 

FIGURE2,hastwo electrodes22and24 havinga plu 
rality of uniformlyspaced openings?The electrodesare 
Paralelly adjacentto the front face of the envelope 1? 
and closely spaced from one another?The Surface of 
each of the electrodes22 and 24 matchesthe openings 
intheotherelectrode suchthatallightenteringthe face 
ofthetubewistrike eitherelectrode22orelectrode24? 
Electrodesforthe photocathode electrodesin the photo 
cathode structure 20 must be capable of photoemission 
aswelassecondaryemission?The backing oftheelec 
trodesis composed of aluminum of a thickness which 
nakes the surfaces of the electrodes completely opaque 
to light,Cesium-antimony is an example of a mate 
rialthatmay be usedas bothaphotoemitteras Welasa 
secondary emitter?A photocathode electrode Structure 
having aluminum backing of a cesium-antimony layer 
will produceavery eficient photoemitterandashighas 
160 A./humen has already been observed by diferent 
SQ?TCGS? 
Thelightraysfromthescenetobetelevisedarefocused 

bylens34ontothe photocathodestructure20?Some of 
the lightraysfal upon the Surface of photocathode elec 
trode22andotherlightrays passthroughthe openingsin 
the photocathode electrode22tothe surface ofphotocath 
ode electrode 24,Photoelectrons are emitted at each 
pointindirect proportiontotheintensity oftheiHumina 
tionin theimageatthat pointon the photocathode elec 
rodes22and 24?The primary electrons emitted from 
Photocathode electrode22areattracted by photocathode 
electrode24 because of the greater positive potential of 
the electrode 24 and hitthe photocathode electrode 24 
causingthe release of a number of Secondary electrons 
foreachprimaryelectron? 
The primary electronsandsecondaryelectronsemitted 

fromphotocathode electrode24moyetotherightthrough 
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theapplication of a positive potentialdiference between 
the photocathode structure 29and the mesh screen32? 
The stream ofelectronsismagneticaly focusedand ac 
celerated by an electrostatic feldestablished bythe ac 
celeratorgrid36andthefocusingcoi38,Theelectrons 
passingthroughthe mesh strike thetarget3?with Suf 
cientenergy so that several Secondary electrons are 
emittedfromthetargetsurfaceforeachstrikingelectron? 
The bulkofthese secondaryelectronsarecolectedbythe 
mesh 32,which isnormaly maintained a volt ortwo 
more positive with respect to the surface of the gass 
target?Acharge pattern correspondingto the pattern of 
lightand shade focused on the photocathode structure 
29istherebysetup onthephotocathodesideofthetarget 
electrode 30? 
The reverseside ofthetargetelectrode3?isscanned 

by a_1ow velocity electron beam16?When the beam 
approachestargetareas whichareatzeropotential,itis 
refected backtowards the electron gun ?4,However, 
a more positive area of the,target Surface wiH cause 
electronsfromtheapproachingbeamtolandandneutral 
izethe positive potential charge atthatarea,and drive 
the chargearea ofthetargettocathode potential,The 
remainingelectrons ofthe beamarethenrefected back 
to the gunend ofthetube,Asthe electron beam16 
is scanned overthe target Surface,there is refected to 
wardsthe gunend of thetube a modulatedreturn beam 
17,Thereturnbeamstrikestheend ofthegunstructure 
14 whichis formed as a dynode electrode and,as the 
frststage of the multipliersection 40. Each electron 
in thereturningbeamstrikesthe frstdynode with suf 
cientenergytorelease SeveralSecondaryelectrons?These 
inturnareacceleratedinthe electron multiplierstructure 
40 and further electron multiplication isaccomplished? 
The outputcurrentiscloselyproportionaltothecurrentin 
the return beam butgreatiyamplified? 
FIGURE3isamodifedform oftheinventionwhich 

advantageously can utize the Semitransparent photo 
cathode of existingtelevision camera tubes,the photo 
cathode beingathin coatingapplied,asis known,tothe 
innersurface oftheface of the television cameratube? 
In this modifcation,the photocathode structure 50 in 
cludes the usual semitransparent photocathode electrode 
52,the two opaque photo-secondary emitter electrodes 
22and24 havinga pluraity of uniformly Spaced open 
ings,Photoelectronsemitted by photo cathode 52are 
amplified byelectrodes22and24duetosecondaryemis 
sion?In addition to the photoelectrons released at the 
?hotocathode,that percentage of ight which passes 
through the photocathode unabsorbed wil sensitize the 
photo-secondary emissivesurface26ofelectrodes22and 
24,thereby releasing foramplification an even greater 
number of photoelectrons??t withus be appreciated 
that light from a source entering the camera tube is 
essentialytotaly converted to photoelectron energy,in 
accordance with theinvention,the arrangement notoniy 
substantialy completely eliminating the ordinarily 
troublesome efects ofunrecoveredincidentlightencoun 
teredin priorartorthicon-typetubes butsimuitaneously 
resultinginincreased Sensitivity and optimum usefulness 
ofincidentightatanygivenlevel??naddition,the pres 
ence of a greaternegative voltage on electrode 52than 
electrode22 causes electronsemitted from electrode 22 
to berepeled byelectrode52. 
An extended spectral response for the camera tube, 

suchasindicatd bythe FIGURE6graph,maybereadily 
obtained usingthe photocathode structure illustratedin 
FIGURE3?Aphotoemittermaterialsuchassiver-oxy 
gen-cesium,witharesponse,asilustrated by curve Ain 
?IGURE6,in the nearinfraredrange is deposited on 
theinner Surface of the face ofthe cameratubeassemi 
transparent photocathode electrode 52,A photo-sec 
ondary emitterSuch ascesium-antimonymaterial witha 
response,asilustrated by curve Bin EIGURE6,inthe 
Visible range is deposited on the aluminum backing2S 

4 
at26formingphoto-secondaryemitterelectrodes22and 
24?Thetransmitted picture would be the nearinfrared 
pictureSuperimposeduponthevisiblepicture,Anultra 
violetandvisiblepicturesuperimposedcan be obtainedby 
utilizinga photoemitter material,such as,gold,with a 
response in the ultravioletrange in place of the near 
infraredphotoemittermaterial? 

Avisible lightandanultraviolet light picture can be 
alternatey transmitted by usinga fiter-shuttermeans54 
whichincludesa flterforvisible lightandaflterfor 
ultravioletlight positionedin front of the cameratube. 
The fltersarealternatelymovedinapredeterminedtime 
cycle beforethetube bydrivingmeans56,wherebyonly 
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visible or ultraviolet hght can reach the cameratube.at 
agiventime?Anearinfraredpicture can,ofcourse,be 
transmitted by using the requiredtype of photoemitter 
and a nearinfrared flter?The shape of the vertical 
synchronizing pulse transmitted is formed to identify 
which fiteris before the cameratubeatthe beginning 
ofeach verticalsweep?The shaped pulsereceived by 
the television receiveractivatesa Switch which,inturn, 
channels the video to the proper detection circuitsfor 
thevideotransmitted? 
The novelphotocathode electrode structure ofthein 

ventionmustbe madesufcientlyfneinordertoimpair 
resolution beyondthe permissibleamount?Two possible 
electrode structuresare the Venetian bind structure and 
the wiremeshstructureiustratedinFIGURES4and5, 
respectively. · 

The Venetian blindstructureelectrodesare constructed 
ofalargenumberofslatséGwithaplurality ofuniformiy 
Spaced slotopenings 62therebetween?The slatsofthe 
Second electrode from the base of the cameratube are 
directlybehindtheopeningsinthefrstelectrodeasshown 
by the dashedlinesin FIGURE4?Theslatsare con 
structed of aluminum orsimilarmaterialwitha photo 
Secondary emittinglayer,Suchas cesium-antimony,de 
positedthereon? 

In FIGURE5,the electrode structureis basicalya 
finealuminum orthe like wire mesh?Alayer ofphoto 
Secondary emitting materialis deposited on the mesh? 
The wire mesh ofthesecondelectrode 66from theface 
ofthe cameratubeisalignedwith the openingsinthe wire 
nesh ofthefrstelectrode64? - 

The number ofslats60 or wires 64,66usedin the 
Photocathode electrode structure hasto be larger than 
the lines of resolution required?The numberand size 
ofthe slatsand wiresshownin FIGURES1through5 
are diagrammatic andagreat dealmoreintheactualde 
Vice is required? 
Althoughtheinventionwas described particularlywith 

reference to the image orthicon cameratube,itis not 
intended to be imited thereto,Onthe contrary,thein 
Vention may be used in othertelevision pickup tubes, 
Suchas,theiconoscope?theisocon orthevidiconwithout 
departingfrom the spiritoftheinvention? 

I claim: 
1.Aphotocathodeforatelevision pickuptubecapable 

of both photoemission and secondary emission?Said? 
Photocathode comprising:a frst photo-Secondary emit 
ter electrode having a plurality of openings,a Second 
Dhoto-Secondary emitter electrode havinga piurality of 
openings spacedfrom the Saidfrstelectrode,thesurface 
of Said Secondelectrode matchingthe openingsin said 
frstelectrode Such thatallightenteringthe face ofsaid 
?ickup tube wilstrike Said photocathode,and each of 
Said electrodesincludinga backing of aluminum anda 
thin layer ofphoto-Secondary emittingmaterial? 

2?Aphotocathodeforatelevisionpickuptubecapable 
ofbothphotoemissionandSecondaryemission,saidphoto 
Cathode comprising:a pair of opaque photo-Secondary 
emitterelectrodes havinga plurality ofuniformlyspaced 
Openings,Saidelectrodes beingspacedfrom one another, 
theSurface ofeach of Saidelectrodesmatchingthe open 
ingsinthe other electrode such thatallightentering 
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facethereofphotoelectronsemitted bysaid photocathode, 
a Second intersticed electrode closely spaced from the 
opposite Surface ofsaidfrstelectrodein paralelrelation 
thereto,saidsecondelectrode beingverticaly ofsetfrom 
Said firstelectrode to mask substantialy completelythe 
interstices of Said frstelectrode,each of saidelectrodes 
havingitsSurfacefacingSaid photocathoderendered com 
positely photo-and Secondary-emissive so that substan 
tialy al light passing through said photocathode un 
absorbed fals on Said electrodes,the photo-emissive 
property of Said electrodes producinga Specialresponse 
overthevisible portion ofthe spectrum therebyextending 
the overalspectral response ofthe tube,and meansfor 
renderingthe opposite Surfaces of Saidelectrodes opaque 
to lightin the visible portion of the spectrum? 
15?A photocathode-electron multiplier arrangement 

foratelevision pickup tube comprisinga photocathode 
having a Spectral responSe extendingover a portion of 
the electromagnetic spectrum adjacentthe visible portion 
ofthespectrum?afrstintersticedelectrodeadjacentsaid 20 
photocathode toreceive on one surface thereof photo 

10 

electronsemitted by Said photocathode,asecond inter 
sticedelectrode spaced from the opposite Surface ofsaid 
frstelectrode,Said Secondelectrode havingitsinterstices 
verticalyofsetfrom the interstices ofsaidfrstelectrode 
in such mannerthattheinterstices ofsaidfrstelectrode 
are substantiaHy completely masked,each of saidelec 
trodes havingthe surface facingsaid photocathode ren 
deredcompositelyphoto-andsecondary-emissivewhereby 
substantialyallight passingthrough said photocathode 
Unabsorbed falls on Said electrons and evokesincreased 
photoemission,the photoemissivity of said electrodes 
beingsuchastoprovideaspectralsensitivityintheportion 
occupied bythe visiblespectrum,and meanson the op 
positesurfaces of Saidelectrodes forrenderingsaidelec 
trodes opaque tolightin the visible portion? 
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