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Tais memovendum is in resporce to & regueat Zrom Mr., Cherlee Dosrsan
for information on tke preeont sletus of Projoct #hirlvind Storsge Tube research
and for a comparison of the tubse being developsd 2% H,I.P, with the cne constructed
at tha FKaval Renearch laberatory,

Comuerto will Do consldered in the following order.
8, M, Z.7, Storage Tube Program

b, Comparison of M.I.7. and HRL Storage Imbesn

4.1.T. Storage Tube Progrem:

The M, 1.7, atorage tube work io organized to nrednes a data storage
syeten for tho Whirlwisdl Compriers. The Whirlwind Compuiers are to be of the
parallel data irenenission tyre nnd tho slorage mast read end record 2ll dlgits of
o maber aimul {aneouvely. The Wairlwinl I ecmputsr vill recuire operating storage by

abovt November, 1948 end storege tubs and cireudt rescarch aro geared Se “hie schedule.

A brief explanation of the tube will bo given reforiing to Figure ) vhich
shova an elementary electrode erranzemont, Deflection plates position the sleciron
boam, »ricr to 1is belng tumed ca, to the point on the dlelnctric ourface a% which
writing or readiag is to take placs, The diglts L and O axe written as positively
and negatively chargel sress on the dleleatric eurfece a% the point of bemm impact.
The dialectric surface mmet hove 2 secondury emisolon ratlo grester than wnity (a
ratio of two or more is desired), To write the diglt 1L the signal grid in made
poeitire to cellect socondary eleciron: from the dielectric resulting in a posiiive
surface, Positive charging is accomplished by collecting the excous electrons ebove
tho nwmber ia the high velccity beem, To write the digit O, the algnal grid is
nade negative, no elestrons are collecied, ard the surface charges uegatively at the
rate pormitiasd by current flowv in the orimary dbemm. Socondery emiznlon in not a
necessary fector in nagatlve charging.
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Roeding evignole 1o accomplished Wy pocitionlog %26 sigrsl grid woltage
pidvay beiwoen the twe writing volsazges and chazging the dleleoctzic vositively or
regutivoly boward this voltega. The cutpul olgeal apuecera af the cignal plate by
capucitive coupling through the dielectric,

Porssnsnco of the storsd siznal 1o dnsureld by the wegencrative sctiom of
a flood of low energy slectrens cperaling on a prinsiole which wag, I understand.
BseG in somo Iermen tvbes and 1s employed in the WL Seleciron tube and in the NRL
storage %ube, Tigure 2 shows how the colf-musiaising effect “c otiained Zrem the
Rolidng gun. A positive area and e negative arez are ghown on the dlelectric, Ihe
Bolc¢ing guw 43 &b esvoui the same poteriial ns she negative arese end the nignel grid
ia ot nbeut the potsnilel of the positive ereen., Conalder the poeitive avea:
socendary elsotrons aras emitted and a number just ecoal to thoee in the prinexy bezm
are collected by (ko eignsl grid, other secondary ol.sctronn return to tho dlelectirie
sarface, I %be surlace should %Yend ‘o become movte dositive, edditional secondarien
are pulled hack to reduce the positive cherge while, 4if the surfece should temd to
becems lens poeltive, nore secondarier will be repellsd bto tho elgrel grid to roturn
the dlelectric to its original point of séslility. Consldering ¢he negative area:
a6 arss ie¢ anproxinately at lolding gun poteatlzl sad drimary elesctrons, if they
strike at all, will keve low welocltles and will omil for vecondary electrone, I
the surface bacomee more pezative, oll primery eloctrons will be roeflected and chmic
loskagn will reduce tihe charge %o the bslance point whil:, il the surface decomesn
lose negativo, electrona from the Hrimary besm willl be aollected o return the
surfacs to the otable nogative notsntial.

Rowudte of vogearch to date are compexad with objectives of fhe progrem
in Plgure 3. TFlgures are bzsed on bazie resesich resulis end %eats on onc comvlets
tube of small sizo vhich was congiructad several weoks £g0.

1. TFeaslbility of using the tubes ir hanks Lo parellel storsge is
ghovn by procent veeulbs,

2. Signal levols obtainadle {rem the procent fube are more than adequate
Some of the present zlgnil meggoitwlo can bhe exchangsad in future desigan
for fester writing epeed. Signal level Lo sbown for two methode of
obeervatlon in Figure 4. The voltase divislon nethod given hlgher
output signals end will osrobably b vsed with this Sude.

3, Writing ecpeoad in the present reseprch tube 1s lower than will eventually
ba recuirad. IV irp expected that speed cen Pe lacroased a foctor of 4
by chenglnz $c o wurface with seconésry onission egnual te 2 or more In
place of the procent phosphor surface vith secordary emigalon of 1,15;

e factor of 2 %0 « by obiaining e lowsy Tirat croso~over voliage of the
socondary emisplon curve walgh cen he reduced Irox %he preacnt 250 volto
to lecs than 50 woltn; a fasotor of 2 to 3 Dy increaning the primary
boam current froa the praiesent 30 nicroemperes; snd a factor of 2 by
increzsing the dislectri: thicknesn. Evch chenges uinowld resolt in
about the propsr writiag speed,
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4. Roading opeed of thw proseni btabe is satiufectery for ome polarity
of signsl and ths highe necondsry omfsclen menitloned sbeve will
permit $io same spoed for both edgral polaritics,

5. The holdirx gur in the Hrosent tube appoars to provide peomanent
atorage. Quantative toits are nol complete and Lurthsr feostn will
bo mada.

6. Relipuillty of ths fira; tube ig good, Irdlecations are thsé a tube
of excolient rollcblillit;, will rsewlt. DRelavier does not appear
coiticnl wildh rscpect o any Darsmetors,

7. During eriting a slgnal is praduced at the slgnsl plate which can be
uned to check that cternge wves preperly sccomplished,

8. Rozolution of the present tube ie limited for geomoiricel roagsons.
Jhe dlelectric surfece {8 ol a cellular fexture as shovn 4ir Flgure 5.
The present mosaic in cuarss and. if rotained iz principle. will de
reduced, in nosh slze,

9. Storage copecity of the present tuvbe is limlted by the target diameter

of abovt 1 inch,

10, TFor greater reliebllity in reading, tho tube snd oircuits are being
denigned %o zlve ovpopiio sntyvt polaritios for the-Swo dinary diglts.

11, Definition o tho experimental tube 1a 1limitod o discuesed under
item 8. OStorage tubes for compuier tse 4o not recuire tho fine
definition which 1e dosired in euch ..ppucat.*.on-s cs radar. ©Sinos
pictordal definition secms %o confllcy wibh psusniizl compulber
charastevietics, 4% 1o rrobable shal ns atteupt will be made to obtain
definitlon of pictorliel qualiiy. Uscble computer definition will de
limited Ty defloction circult probdlsan,

123. Reading sad writing cen be nt'{‘u‘n‘)]i‘hr-*.. by swvliching tho poiential of
only omns olecircdo, odthor theo signil grld or nignal plate,

The oxperimental $ube Zrom vhich rweoh of the adove deta was obtnlred is
showa la Migure 5, The storage r.niar:x 8 ot the amall end of the tubo and the
.writing-reading zon end the helding gun are in sanarats glacs neciks, The final tube
dosign will rosemhble Figure 7 or Figure 8.

Deslgn, conctructlon, end testling of conplete wtcrsge tubes reprecent only
a fracilon of the efliort devoted to ths storage nioblex. Fuch research has beeon
direotsd toward the gathering of basic informalion, %he tvdy of deflection contrcl
c1 rcults, tube coanstruction eohniquen, and the deeign of cpeclel test equlipment,

\J1l te3tlng has been done on a pulse basie corrempording te the coanditlones uvnder which

the tude muet eventuall: oporato
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Approximste division of the ProJest skirlwind etafZ follows.

Pehruary, 1347 October, 1947

Svalf Feor Coext of Stelt Per Cent of
Hembors Total Membors Toval

Storage Program 5 204 & 20%

Circuits and Systoms 20 20% 32 80%
Divislon of activity in the storaze tvie work ie approximatsly:

Po:» Cont of Storage Por Cent of
Tobe Siaff Total Stefd

1. Design of Test Equipaont
end elrcuids a0 6

|
2. Study of Tube Comatraction

¥ethodn nnd
| Techniques 15 3
£3 3. DBasioc Research into
| 5| dislectiticn,
B eecondary omisrion,
| £ ] - [ =
Es etc. 22 D
4

4, Circuvits to bo used with
tubes for doflection.
cniput reading, etc. 10 by

S i
J

[

5. Actual coanstruction and
Teat of Ltornge Tibe
Modeole

1, %rom the sbovo table. doslgn o test egulpment (?tJJu generntore,
sato and delay cirenlts swoep gencratore, snd pove: supplies)

£y

nes required more effor: 4kan any other plase of tho atorase
divislen, As a Teaul% of this work. toate have boen possible on
a pulse bneln and fube :horactoristics are svallavls directly in
terme of the sompuler arplicatlos tesultis of thio work contyi

A ’ n $ hea v AP i p 4 . - Al
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2. Tube conatruction mothods ore of the upnest lmportence in storage
tubs work and toclmiques must be mora corefully controlled than in
commerical vacuam tube consiraction, ZFoking ovens, vacuum svstems
and an induction heater have heon constivcied or procnred as shown
in the laboratery viewe of Figzurec § 2nd 1C, (lass lathe work as in
Flgure 11 1o reguired for tube constructicn, lersonnol and the
nocessnry background of exporieace will be available at M, I.T, to
produco the tubse required Zor the Whirlwind I compuier. For larger
quentitios of tuben the roguired tralning casn e glven to a tube
manufacturer withoul deloying computer worl while a neow grcup solves
the sems difficulties elready overcome by the resserch laboraltory.
With avalilable aquipment =nd personnsl, ttbes of arny type required for
tecting csn be sonotructed in a few daye, The rate of advencement 1in
set Dy procuremsant and analyeis of deta, rot by tube coanstivection,

3. EResearch studien bave boen coaducted into the problems asseciated
with storege tudes, The uee of eluminuw cxide zn & dleolectric and
the proparation c¢f the oxlde surfece has for many months occupled
the time of one staff meombsr. Surfaces ar showr ip Tigure 5 =re
epbossed on alunipum and enodizel to prodvee a dleleciric covering.
The moesh of the dielactirio curface is emall compared. 4o tha boam
diameter. Figure 12 shews ths experimental ancdizing apparatue and
Figuree 13, 14, 16, and 16 st=ps in the proparatior of semples for
testing., Since reliasbls Loests of the dieclecirics cen conly be made in
hdgh vecoum, it ie necescary thal semples bt gesled into vacuvum tubas
for taking measuremcnte.

4. Deflection of the cathode rey bean is cne of the wejor problems in
the type of %“ube being consldorel, Ceveral kinde of circuite have
been tested and the desired rosulés appear within resch, Final
selection of a deflection syotes from among several avallable will
be made on the basis of properly dhalancing the requirements cf
accuracy and reliability ageinet the amount of equirnent involved.
Teet resulip show that defleciion of banks of ztorsge tubee 1In
parallel can be achisved ia 2 mi:croseconde, DNeslgn of a deflection
system has not heen compleled bezeueer available stafi time wao more
urgently needed on other cilrenlts

5. Some 20% of the time devotod %0 :he ctorage progrem or 4% of the
project staff time has besn expended on actual atoregs tubes., Tubss
have been consirucied as required for testing and ccordinating tho
resulte of other reesarch. Some of these tubes are shown ia

Figures 6, 17, and 1.8. Ths tube of Figure 6, first acsenbled in
August of thig year is the oniy one to de constructed %o incorporate
all the principles to be used in the final tube, I% is» the typo of
tube described last year at the Harverd Computer Syxposium, Operation
of this tubo correspends in all 2espocts %o »predictions which can beo
aade on the hasle of geometrical and circult conglderations, 1% was
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constructed for etudy purpores aund after teete will be used for
demonetration of principles and for 1lifo ctudlec. Similar tubes
vill be bullt &3 recuired and will incorperate chorgea towstd &
final cesigu.

Continued research in seversl dirscticns will be reounirod %Yo develop %he
desired tube. 1) Werk to the preseont hos Heen on storcge swrfaces of aluminum oxide
or one of the floreacent phosphkors. Nolther of those hes a cuffliclornily high sacords
eniselon ratio, Satisfactory resulte ceam indlcated from the reswlts abtained on
oxides of beryllium snd other metels whiah have besn stvcisd ot other laboratories,
Some ovaporatior tests have not yet beer complsted. 2 low firet crags=over voliege,
Vo Figura 19, on tho secondary emisslon curve is deeivatloe. Thia characteriatic will
in goneral accompany the gresier secoadary emiicion, A high ececord croes-over
voltage, V4, ie desirable in order that o high primary bean voltege may Yo used %o
permit hizher beam current. iaeed on tha little information avellabloe, a high
second crose-over voltage 1e axpacted %o be & sbaracteristle of berylliua oxide
Life ctudies must be initiated on the socondary emiesion surface £8 s00d 28 &
tontativo selection ls made. Sone surfaces change tholr secondary emieslon behuviors
due to contaminstion fyrom the tvoe cathodo snd from residual gac in the tubo,
Additional circuit desiga will be reguirad o develop output detection circults waich
will receive the tube ocutput dbut exclude tho transients wvhich are producsd from grid
svitcning during reeding and writing. Resolution of the tndbe over that thua far dem-
onstrated will be required bui the problem sppoars lese difficult than othere and can
b3 approached through emaller beam diemeters, closer grid spaclng, and a fine storsge
surface moésaic 1f the meoaic is rotzined ia proforencs to a plane surfaco. It ie
probable that better cleciron gans rhouvld be procured than now avesilable. renent
vork 4o cdone with commercial cathode ray tube gmns; bottsr gune are im uee for sther
purposes in this country snd in Ingland ond moy oreva eatisfactory. An laorease in
gar cuarrent vwithout loes cf definitlon is doslied. Speolal guns precared from
Englapd are avoilable in the laborstory but bave not yeot been tested,

v

Comparison with the BRL Tubs.

Pull detalls on the oneration and dotvelopment Hlans for $he HRL tube cro
not avallpdle &t the Servemechanisms Leboratory bt the followlng commanis are In
answer to the requoest.

The NRL $ubo wae developed initlelly for the slorage of pictorial informatlen
in radar epplications, It shows considoravle promliece for thlis purposa elthough the
tubse 18 1n the very early research siages ard en evaluatior. would be difficuli for
eome time. The characteristice which make the tubo usefl fovr radar are of douhiiul
value if not hazardous for computer application.

Flgure 20 repeatn tho informetion of Filgure 3 on ths M, I.T. tvies and adds
a colum on the NRL 4ubs,
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2.

3.

4,

No informetion has been released and the tudbe has probably not

been tried for parallel diglt tranemission., The roguiremeat for
parallel diglit transmiscion was not known to the BRL group while

the tube wes under devolopmeat for radsr and the concept of
parallel operation has only recantly been introduced since the tubo
vas taken over by the Bureew of Standarde on & centract to Raytheon,
Difficulties in recding to a parallel btue with a stationary heam &re
discussed in the noxt paragraph. Tests to date have been for steady
state scanning for pilcture presontation,

Sigpal levels thus far obtalned from the FRL tube are the order of

1 millivolt., This will require signal detection amongst the
switching transient noise of ccaputer operation or olse changes of
a fundamental nature in the tube must be introduced, The voltage
division method of signal detection pictured in Figure 4 is probabdly
unsnited to the tube because glgnal and beam current are carried
through the same electrcde, Figure 21 shows the output signal
comparison between the NRL tube and the two mothods of signal
detection in the M.I.T, tube, It 1o poseible that chengee in the
NEL tube can be made for computer uee to increaee the present reading
beam currents of abouit one microesmpere to the 100 nicroampere level
of the H.I, T, tube,

FHo data 1s available on the pulee writing speed of the ERL tube al-
though some conclusions pointirg to the "microsecond range® have been
drawn from steady state scanning tests.

The same commant spplies to reallng epeed.

Storage time of the NRL tube ip controllable over & limited range,
This appears to be i%te principls unique feature which ie valuable
in some radar applications tut of no value in computer work. In
fact, precautions unet be taken to insure that this feature cannot
cause erasure and adversely affect the rellabllity of the tube for
computer application,

Slgnal storage of the tube is presumed to be permanent under proper
conditions but movies and demonstrationg to date have shown
unexplained skippirz and erratic operetion of the writing beam which
muet be overcone,

So far as known, the problem of checking signale hes not teen con-
sldered with respect to the HEL tube,

Fo data 1s avallable on resolution of the tube in computer terms

slnce so far as kaown no tests of this type of storage have boen made,
Remulis of pictorlal testing would indlcate eatiefactory resolution of
the screen with the limit{ probably set ae in other defiection tubes

for computer use by the deflectlon circults
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9. ©Stcrage capaclty 1s probavly adequsto and the oreceding commenta
APPAT .

10, Sinco the signal 1s superimposed on the pert of the beam cuirrant
vhlch ie collected by the sigaal ecroen, only voriation in zagni-
tude of this curreat is available for elgrsl dotection., Frobleme
vill exdet in odteinlng s oigaml variation for parellel tule
operation and the sitvation wlll be mgg.avaeted by voriations in
primaxy boam curreat due to transients 2md cathcde changes. Operaiion
of the Frojoct Whirlwind atorage tube is joesible with wide variaiiomn
ia beam current,

11, Plctorial presentction is a fenture of the REL tube waich probably
will not be pessible with the M,I,T. toba.

12. Operation in the manner thue far described by HEL requiroee ewltching
the petontlal of the entire gan snd snode clreuits, IHigh copacliancoe
wuet be driven 7y short voltage pulees snd dlffersn® contrcl methods

may be required,

Prior to the award of a contract to Reythson, I dlocussed the FEL tulbse
with Mr. S, N, Alexander of the Durcau of Stenisarde and agree with him trat the tube
ig sufficiently different from the K,.I.T. work to Justify ite pureuit. I fael Low-
ever that the tube has beon grosely "oversold" with roasrect %c ite present atatus.
Tbhe practical problems of uwsing the tube have d2cen disniesed as "more enginosriag
detailie" by ite FFL spoasorz wbilo the ¢ube ie atil) sutject to moni of the resesrch
problems outlired for the M,I.T, tabe in the laet parsgraph of the Tiret secticn of
this memorandva and kas before 1% in addition the difficulitior dincussed in thils
eooticn, Thesz can doubtlees bYe overcome but some receerch and conaldersdle devclop-
ment ctill appeer noecessary,

The only new principie ehown in the UEL tube 1s the verisble decay tine for
radar work wbich is not reguired in tho commuter spplicstion, TFerzanence of storage
through the uge of low energy clectronn isg common to ork abroad, the BCA Solectror,
and Project Whirlwind, It 1s probablo thet the BRL tube will have lors difficuity
wlth ececondary electron rodisiritution than the M. I,T. tudbs ir which it has been
necescary for zcme work to go to a2 malrix elorage surface witb elocirom darriers,

ifubes built at FEL heve had Hhree elsctron sune for reesdiang, writiag and
bolding. “ince computor use wovld rsguire the resdlns snd writlng gune to track
naarly & 51y for the seme daflection voltages, whleh would be elmost imponssible for
good defl.. ‘‘on, the REeytheon version of tho tubo will comblne the reading ard wrlting
operations lato one gun ae is dome in %the M.I,.T. tube.

Examinatiorn of the table glven praviously for the distribution of efforid
on the storage progrem will aliow that soue 20% has bDesn devoled directly to tube
bullding aad teeting. This part of the work corrosponds rougily to the ERL tube
program aince no teet equipment for pulse stunlles haz been uzed, tube coastruction
vas subcontracted to one rescarch group and recently trenecferred toc Reytheon under thoe
Bureau of Standards £0 thet to dnte tho work has not resulied in persoanel itralned in
conetrucvion methoda, and no rescarch ] e '

the tube La computer ecircnita

developnzuent hesg Leon diracted %toward use of
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I have dwelt on the difficulties to be encountered by the FRL tube in
some detail, not because of doubt that it has a useful future, but to call attention
to what I feel is an unjustified impression gained by many that the tube is now
reedy for use, The history of storage devices has been one of overoptimism
repeated as each new idea or design has been presented. The NRL tube appears to
be among the brighter prospects for radar use and should be developed along its
original lines for simulator use. In simulators where data is to come from a
computer to be presented on a radar type screen, the separate write and read
guns and adjustable decay cen save much numerical computing time,

I am pleased to see the NRL tube continued under development and feel

that it will receive careful guidance and evaluation from Mr., Alexander of the
Bureau of Standards,

. —— - -

Drawing List Instructions - Put Figure Numbers on Prints

Figure 1 Drawing SA-30892

Figure 2 ' Drawing A-30885

Figure 3 Drawing A-30886

Bigure 4 Drawing AAA-30887

Pigure 5 Drawing A-31324

) Figure & Drawing A-31325

Figure 7 Drawing B-30888

Figure 8 Drawing B-30889

q Figure 9 Drawing A-31326
i Figure 10 Drawing A-31327

_ Figure 11 Drawing A-3)728
i Figure 12 Drawing A-31329
H Figure 13 Drawing A-31330
2 Figure 14 Drawing A-31331
k4 Figure 15 Drawing A-31332
i Figure 16 Drawing A-31333
Figure 17 Drawing A-31334

Figure 18 Drawing A-831335

- Pigure 19 Drawing A-30893
Figure 20 Drawing A-30890

Figure 21 Drawing B-30891
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