
2,158450 

?????~~~~~~????? ??-------- 

Pw wLLANs 
BLECTRON DISCHARGE D?VIC? 

Filed 0ct,5,1937 

?? 

May16,1939? 

? 
  

  



5 

10 

15 

20 

26 

30 

35 

40 

45 

Patented May16,1939 

UN?T??)STATES 

2,158450 

Appication Gcto?er 5,1937,Serial No?16?,445 
?n Great Brita? ?cto?er 8,l936 

? Claim? 
Thisinvention relatestoimproyementSin eleC? 

tron discharge devices for the tranSmission Of television orlikeSignals. 
A previously proposed method of image anal 

ysis comprises forminga Chargeimage Spatialy 
correSponding t0 the ilumination of an Optical 
image and passing an electron Stream through 
SucceSsive elementalareas of Said ch8rge image. 
The intensity of the electron stream is modi 
fied by the ChargeS ConStitUting the Charge im? 
ageandthe television signals are formed by Col 
lectingthe electronsremaininginthestreamaft? 
er SUch modification, 
The apparatUSforthepurpoSe of theinVention 

COmpriSeS in combination an apertured Control 
eleCtrOde on Which Can be formeda Charge im? 
8ge of the kind above referred to,an eleCtrOn 
gun and defecting System adapted to Scan the 
apertUred electrode in Such a manner that the 
electron Stream from the gUn paSSes thrOUgh 
SUCCeSSiVe elemental areas Of the eleCtrode,and 
3 collecting electrode plaCed On the side Of the 
apertured ejectrodereinote from the gun,Which 
colects the electrons passing throUgh the aper? 
tUred electrode S0 as to giVe rise to a,train of televisionsignals. 
?n an apparatUS of this kind,unless the aper? 

tured Control electrode is arranged at a nega 
tive potential with regard to the electron gun, 
eleCtrOhS from the SCanning beam Wil paSS t0 
the COntrol ejectrode and may discharge the 
charge image thereon,On the other hand Un 
leSSitisarrangedatapositive potentialthe elec? 
tronS Of the Scanning beam may not haVe Sufi 
Cient Velocity to be sharply foCUssed Upon or to 
paSS thrOUgh the ContrO? eleCtrode? 
According to the preSent inVention there is 

Provided an electron discharge deVice for the 
tranSmissio oftelevision orlikesignalsin which 
a charge image indUCed Upona ControleleCtrode 
permeable to electronS Spatially Corresponding 
to the illUmination of an OptiCal image is USed 
to Control an electron Stream arranged to paSS 
throUgh SUCCessive elemental areas of the Said 
COntro eleCtrode,CharacteriSed in that there is 
proVided meanS for prodUCing a p0Sitive field in 
the heighbourhood Cf the Said Control electrode? 
In one embodiment of the inVention the Said 
means Consists of an auxiliary positively biaSSed 
equipotential apertured eleCtrode Or grid,8r? 
rangedinjuxtaposition to the apertUred COntrol 
electr0de on Which the Charge image is Set Up? 
The COmbination Of tWogrids of this kind haS 

beendescribedin Britishapplication No.13.302/36 
in Connection with the formation of an electron 
image beam and aCCOrding to a,feature Of the 

(Cl?250?153) 
present invention,an arrangement of grids aS 
therein describedis Used for the pUrpoSe Of the 
method ofimage analysis deScribedabove?The 
auxiarygrid maybeon either Side of theaper? 
tured Control electrode and aCCordingto a fe8-? 
ture of theinventionthere may be agrid0n b0th 
Sides of the Control eleCtrode? 
Ia a,preferred emb0diment of the inVention, 

the Control electrode is made in the form Of a, 
grid having8 Conducting core Coated With a ma? 
terial of high but finite insulation resistance,on 
the8Urface of whichis formed,8CCOrdingt0 any 
of the methods known in the art,a,photo-eleC 
tricalyactive mosaic Surface,ThiSelectrode may betermedthe st0ragegrid? 

15 An Optical image of the SUbject to be trans? 
?ittedis projectedupon thestorage gridS0that 
electrons leave elementary areas of the moSaic 
SUrfacein Varying numbersaCCOrdingto the de 
gree of iumination of theSaidelementaryare8S? 
Asa resUlt positive potentials Will be Set Up on 
the surface of the storage grid relativey to the 
inner conductor,Said p0tentials being repreSen 
tative of thelightandshade ofthe Opticalimage. 
?quiibrium is reached in any elementary area 
Whenthe rate of loss ofelectrons thrOUgh phOt0? 
emission is equalto the rate at which they are 
SUpplied by Conductionthroughthe COating0fthe 
COre Of the Storage grid? 
The auxiary grid is located parallel and in 

CloSe proximity to the Storage gridand the gridS 
arescanned by amelectron beam directed On t0 
the auxiiary grid from agUn Situated on the 
side of the latter grid remote frOm the StOrage 
grid,The electrons are broUght into foCUS On? 
the SUrface of the 8Uxiliarygrid and a part of 
the beam will penetrate through the meshes of 
this grid on to the storage grid,The potential 
of the storagegridisarrangedt0 be3IWays neg? 
ative in relation to that of the SOUrce Of eleC? 

8fter it has paSSed throUgh the auxiliary grid 
andits electron density becomes SUbject to COn? 
trol by Space Charges determined by the poten 
tials fr0m point to point Of the St0rage grid? 
An adVantage of the abOVe deSCribedarrange? 

ment over the USe of a Simple storage grid of 
the mosaic type liesinthe fact thatif the SUr? 
face of the latter ?s Set at a negative potential 
relative to the gun in Order that the SCanning 
electronsShould not disturb the charge image,it 
becomes dificult if not impoSSible t0 f0CUS the 
Scanning beam Upon the StoragegridSUrface? 

If 8,collecting electrode be located On the 
Side Of the StOrage grid remote frOm the aUX? 
iiary grid,electrons wil be collected by it in 
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2 
Varyingnumbersaccordingtothelight andShade 
of the Successive elementary areas of the image 
as it is scanned?A train of television sighalS 
maythen beset Up in the Circuit ofthe collect 
ing electrode. It wilibenoted that the operation Of the de 
viceisanalogousto that of a thermiOnic Valve, 
thecontroloftheelectronstream bySpaceCharge 
being efected by means of a CompoSitegridthe 
elements ofwhicharegiven potentialValues mOre 
negativethanthatat which“grid Current”fowS? 
The chargeimage on the Storage grid naythen 
persist substantially unchanged duringthe pr0C? 
ess of scanning,an efect which is in marked 
contrast to the operation of a S0-Caled inCOno 
scope where the charge image is destroyed dur? 
ing the process of scanning and rebuilt during 
the intervals betWeen SUCCeSSiVe SCahS, Asaconsequence of this method of Operation 
agreatlyincreased sensitivity of operation may 
be obtained;in fact the sensitivityappears Only 
to be1imited by the rate at which ChangeS Of visualsubjectmatterarelikelytotakeplaceSinCe, 
in theory,itis possibleto make the inSulation 
resistance ofthecoating of theStoragegridWireS 
as high asis desired?An additionaladvantage 
iesinthe fact that the oUtput Signal COmpriSeS 
aunidirectional component correspondingtothe 
averageillumination of the storage electrode,an 
efect which is not obtained With an iCOnOSCOpe 
as normally employed?A further advantage iS 
the absence of the efects,COnSequent On SCan? 
ning a mosaic surface with an electron beam, 
commonly known as“tit and bend” Accordingtoafurtherfeature oftheinvention 
the collectingelectrodeis made translucent,for 
exampleintheform of a coating on theinteri0r 
of the containing vessel,By this arrangement 
thestoragegrid may be broUght int0ClOSe pr0X? 
imity with the wail of the Containing VeSSeland 
no imitsare thereforeset in practice Upon the 
shortness of the foca11ength of any lens that 
maybeusedin conjunction with the device?This 
circumstance Conducesto OpticaleficienCyUnder 
practical conditions? Accordingto a modification of the invention 
thegridsmay be“onedimensional”in operation, 
images of elementarystrips of the Subject to be 
transmittedbeing projectedin SeqUence ontothe 
storagegrid,as for example bya mOVing Optical 
system,andthegrids being scanned alongtheir 
1ength,aspreviouslydescribed bya beam ofeleC? 
trons,Thegridsin thiscase maytakethe form 
of slotted memberS. - 
Accordingto anotherfeatUre of theinVentiOn 

the storagegrid may have an opticaliy Sensitive 
Surface of the photo-voltaic type,In this caSe, 
since owing to the low internalimpedance of a 
photo-voltaic cell a certain number of electronS 
in the scanning beam mayfall UpOn the StOrage 
gridwithout dischargingthe ChargeSthereon,the 
potential ofthe storagegrid may be made equal 
to or slightly more positive than that of the 
Cathode? According to yet another feature of the in? 
Vention the modulated electron beam may be 
multiplied by Secondary emiSSiOn after paSSing 
throughthestoragegridelectrode?Inthis CaSe 
the modulated beam after paSSing thrOUgh the 
storage grid isincreased in intensity by impact 
upon one or more secondary electron emitting 
surfaces before being ColleCted t0 produCe an 
image Signal? 

In order that the present inVention may be moreparticularlydescribedreferenceisnowmade 

2,158,450 
to the accompanying diagrammatic drawing in 
Which: Figure 1 illustrates one embodiment of the 
invention; FigUres 2,3and 4illustrate alternative modi 
fications of Figure 1;and Figure6ilustratesanotherembodiment of the 
inVention? In Figure1 isshown an electron discharge de 
Vice Comprising an eVaCuated enVelope Within 
Whichis mounteda mOSaic electrode 2 compriS 
ing 8,1arge number of phot0-SensitiVe elementS 
mountedUponbutinSulatedfromaSUpport Which 
is permeable to electrons,An opticalimage is 
cast by means of alens 3 upon the electrode2 
Which is Scanned by means of an electron beam 
prodUCed byan electrongun 4and defiected over 
theelectrode2 bySuitable meansnotshown,The 
electron beam is modulated by the Charges ap 
pearing on the elements of the electrode2andis 
thereafterincident Uponan opticallytransparent CollectingeleCtrode5,TheCurrent flowingtothe electrode5atanyinstantistherefore dependent 
UpOn theiliumination at that point of the elec? 
trode 2through which the beam is passing and 
may be UtilisedasanimageSignal,Betweenthe 
gun & andthe electr0de2isagridelectrode8ar? 
ranged at a positive potential relative to the 
rnCSaic eleCtrode 2,The elements on the elec? 
trOde 2 may be photoelectricaly Sensitive or al 
?rnativey they may be photo-Voltaicallysensi 
tivein which CaSetheelectrode maybeconstruct 
edin One Of two Waysaccording to Whetherthe 
“back?wall”or“front-wall”type of photo 
Voltaic Celisemployed? When the“back-wall”type of ceIIisemployed 
the electrodeis notatrue mosaic but preferably COmpriSeS8COppergrid ofappropriatemesh Upon 
Which is depoSited a layer of Cuprous oxide or 
other appropriate materia1,The 1ayer of light 
SenSitiVe material mUst be made So thinthat the 
resistance of the layer between adjacent picture 
p0ints may be regarded as high Compared With 
the reSiStance of the layer from front to back? 
This Condition is necessary in order that loss of 
definition ofa,tranSmittedimage shall not 0ccur? 
Anadvantage of thistype ofelectrodeisthatthe 
ConStrUCtion is VerySimple,Itisto be Understood 
that the term“mosaic of photo-Voltaic elements” 
used in the appended claim includes a moSaic 
employing Cells of thistype, Whenthe“front-Wall”type of Celisemployed 
the electrode COmpriSesa COppergrid Upon Which 
a relatiVely thick layer of Cuprous oxide or 
Seleniumis dep0Sited,A mOSaic of discreteareas 
of an OptiCally transparent COndUCting material 
iSthen depOSited UpOn the SUrfaCe Of the CUproUS 
oxide,for example by Sputtering Or eVaporation 
thrGUghamesh electrode, 
When the electrode is illuminated electronS 

fow from theSemi-Conductorint0the moSaic ele 
ments and build Up Charges therein COrreSpOnd? 
ingWith the light and Shade of the Opticalim8ge 
on the moSaiC,TheSe Charges Cannot eSCape 
through the Semi-Conductor as this WOUld 
necessitate Work being done against the phot0 
VGltaiC ??]V[??°? 
The embodiment shown in FigUre 1 may be 

modified by includingan extraequipotentialgrid 
between the electrode 2 and the Colecting eleC 
trode 5. Suchan electrodearrangementisilluS 
tratedin Figure2,Againthe electrode8 may be 
arranged between the electrode 2 and the elec 
trode 5,as shown in Figure 3,but in this CaSe 
the electrode 8 must be arranged SO that 8 
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2,158,450 
positive feld penetrates through the interstices 
of the COntrolelectrode 2? 
In an0ther alternatiVe embodiment detail of 

Whichisillustratedin Figure5theelectron beam 
after passingthroughthe mosaic grid2is multi 
plied byimpaCt Upon aseries of secondary elec? 
tron emitting electrodes 6 and is finally col 
leCted bythe Collectingelectrode 5. 
InStead Of CaSting an Opticalimage upon the 

eleCtrode 2 an electronic image may be Cast 
thereupon and an embodiment employing this 
mode Of Working isiustrated in Figure 6,Tn 
this drawingtheimageiscast bythe lens3upon 
an auxiliaryphotoelectric cathodeTandthe elec? 
tronsemitted therefromare focussed by means, 
n0t Sh0Wn,UpOn the m0Saic electrode 2Whichis 
Charged by Secondary emission?In this case,of 
Course,the m0Saicelectrode 2need not be photo electricallysensitive, 
In the embodiment described with reference 

to Figure 1 the Collecting electrode 5is trans 
parent but thisisnot eSSential,For examplethe 
im8ge may be pr0jected upon the electrode 2 
through the grid 8 and in this Case the mosaic elementsonthegrid2 maybeformedbyevapora 
tion of Silver throughtheinterstices of thegrid8 
for wherethe evaporatedsivergoesight can be 
projected t0form therequiredimage. 
Methods of makingthe m0Saic grid8arenoW 

Well known in the television art butin choosing 
theinsulating materialthe folowing considera 
tions Should be bornein mind,if thearea of a 
mOSaic elementisA anditisSeparatedfrom the 
main COnductingStructure ofthegrid byathick? 
ness d of insulating materialthen the resistance 
betWeen the element and the maingrid struc 
tureis(pd/A)where p isthe specific resistance 
of theinSulating materialexpreSSedin Ohm-Cms? 
Units and the CapaCity between the element and 
the main grid structure is(KA.10?11/36rd) 
farads Where Kisthe Specificinductive capacity 
of the material,The time Constant determining 
therate of discharge of the element thereforeis 
the product Of these two expressions,that is 
(pK.10?°/36r)and for television purposes this 
time COnStant is preferably betWeen one-tenth 
and one?fiftieth of asecond butit may be made 
greater orless for special purp0SeS?Aninsulat 

3 
ing material t0 give the required Value 0f the 
product pK may befound byinspection oftables 
Of physical COnStants?Aiternativelythe Specific 
resistance of a,giVen inSulator may be adjusted 
by COmbining it With metal or a,metalic oxide? 
For example the grid may be inSUlated by an 
evaporation processemployingforexamplesilica 
or CryoliteastheinSulatingmaterialand there 
SiStanCe may be Controlled by SimultaneoUsly 
evaporating a Conductor,for example silver or 
tungSten?Again an enamel may be Used Which 
has the property of abSOrbing metallic Oxides, 
AlternatiVelyagaininstead of UsinganinSulat? 

ing materialoffiniteresistivity,one of practically 
infiniteresistivity may beemployedandthe Stor? 
age grid potential Controlled by an auxiliary 
source ofelectrons,the emission and potential of 
whichare Controlledtosimulate the efect of the 
grid of the required resistivity?Alternatively, 
the grid may employ a perfect insulator and 
charges may be neutralised by an auxiliary Cathoderay beam? 
?claim: 
An electron discharge deVice for the tranSmiS? 

sion of television or like signals Comprising an 
eVaCuated envelOpe,a,SOurCe of an eleCtron 
stream,astoragegridelectrode adapted t0 haVe 
a charge image induced thereOn,Which eleC 
trodeis permeable t0SaideleCtrOnSaCCOrdingto 
the form Of the Chargeimage OnSaidStoragegrid 
eleCtrode and is adapted to be maintained at a 
potentialnear to that of the Source of the elec 
tron Stream,an auxiliary grid adapted to be 
positiVely biased and arranged in juxtaposition 
t0the StOrage grideleCtr0de,on the side of the 
storagegrid remote from the Source of the eleC 
tron Stream So that a positive field penetrates 
through the interstices Of the StOrage grid eleC? 
trode,and a collecting electrode placed on the 
Side of the Storage eleCtrode remote from the 
SOurce of eleCtronS,Which Charge image dUring 
Operation of the device Controls the electron 
stream which is arranged to paSS through Suc? 
ceSSive elementalareas of the Storage grid elec 
trode and toimpinge on the Collectingelectrode 
S08S t0giVeriseto atrain of Signals? 
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