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Y3~fRODUCTI~: 

Pr~mbly the most ,riti~al emapoment in 

%abe Williams ~Ssnory System is the storage tt~e 

~tsel£. It ~ras ori~nally supposed that ord~- 

nury ,air, ode ray tubes, designed for use in 

oscilloscopes, vould surf lee for the storage 

element in this type of eleetrostatie memory 

but it sea beeame apparent that these tubes 

had tx~o serious defects. First, they had i~ 

purities on the storage ~%~fa~e)amd~ seeomd, 

the fo~us of the ele,tren beam ~ras no t  sharp 

enough to allow repetitive eousul+mtion of  on~ 

storage location without disturbing the surr~umd- 

ing inf~atiou. 

These defeats are opposite in nature so 

that the .ireuit parameter change that improves 

one of ~ese .onditions. aggravates the oth~r. 

Thus, if the ae.eleration voltage is Increased, 

the remus improves but the impurities bosome 

more trou'ole sume. 

The most obvious solution to the problem 

is the development of a speelal ~.athode ray 

tube wh~h will have sharp fecuS and a olean 

storage surfa.e. This task was undertaken ra- 

eently 1~r R~A at their Lancaster, Fa., plant. 

As part of the tube selec+~tom program for the 

Oak P/dge ccmva%er , ths 0~Ci~. me~t of the 

design s~a%p3es of these tubes ~tere tested at 

err .!.~:,bor~.tor~; ~ith a full raster testing t~h- 

nique~ Z~verg.l i ; ) ~ s  9f e~ereisl ~:athode ~y 

tuTms ~re sl[~o +~sted i:~. this Fmnne:Zo 

Ve ~:~fez • this te,~ti:~g technique over sc~e 

of the morn :£~adomen~l ~,ethods of e~l~mti~n 

aS it %s/~es inte a.count any zuh'51e effects which 

might ~rovent extrapolation of the results of 

less elaborate tests. The effects of bess f~us, 

deflection defoeusi~g, gentle electron rsin, ~xl- 

ja,aut spot interference, et,., are all noted at 

once. Thus, an indieatlon of h~z the tu1~ will 

perfarm in a ~puter is obtained by det~mlnO.ng 

the maximum m~ber of repetitive e.onsultations a 

tube ~,rlll t o l e r a t e  unde~ favorable opera t ing  ~om- 

dltic~% We roll this the RC ntm~ber end use i% 

as an approximate figure of merit for the tube, 

E~phasis ~s pl~eed on the repetitive ~o~ ,  

sultation proble~ dtu'ing our tests, as we p l a n  

to use i n  the OPACLE a double tutus system (see 

paper on Oak Ridge C~puter By J. C. Chu in this 

pt~olieation) to canes! effemts of screen .%mpmrl- 

ties. ~fowever, we believe that the impurities of 

the ~reen oan be eliminated by extreme ~leauli- 

nose in the manufaeturimg proeess. RCA is equlppea 

to make all of the necessary studies. Some tlme 

will necessarily elapse, however, before ,onsiderabiy 

improved tubes nan be obtained readily. We have de- 

voted ourselves to dev is ing  methods for the seleetion 

of usable tubes frum these n~ available. 

TESTinG SYST~: 

E~e.h type of ea~fnode ray tubs perfomms be.Jr 

with a ~ertain set o.f elreuit parameters. Dur~z~ 

these tests, an attenpt was made to find the opti- 

mum operating ~onditiems for each type tube. 

Yn our e x p e r i e ~ . ~ ,  the double-dot add dot~ 

dash systems give about the same :aunbor of repeti.. 

rive ~oneultations and are superior to o ~ r  syst~ns 

i n  this respeot 

~e defo~us-fo~us method has been suggested 

to minimize the effeets of screen i~nurities but 
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the number of repetitive ~onsultations possible 

for a gi~n tube is oons.~dsrab],7 reduced under 

these ~cmd_~tious. 

The ,ire.le-dot system ~hows promise on 

single-tube setups but (Ices not appear pra~tl- 

,el for a multistage ~emory hero, use of the 

technleal difficulty and expense o f  distrlbut- 

ins the def!e~tion el~nals that produne the 

e.ir~.le to many stages simultaneously. 

The double-dot system ~aa used for those 

repetitive csns~C~tation tests. 

SELECTYCN CF PARJ~ETE~S : 

Experiments have shown ~hat, in general, 

lower ~ currents gi~ higher RC mxmbe~-s, 

limStod, of e.ourse, by the noise of the system. 

Eost of this noise originates in the input ~Ir- 

mrlt of the video amplifier. This amplifier 

must have a band pass of 3-megaeyele frequency 

to pass the sharp leading ed~ o f  the "one" sig- 

nal. An input resistor of about 15,000 ohms is 

as ~,~I as ~.an be used  ~ithout seriously atten- 

uating the signal at the ~el@p plate of the 

storage tube. 

The thermal noise of mmh a system requires" 

a sigaal at the pi,kfup plate of about 2/3 milli- 

volt for a lO-to-I signal to noise ratio. As a 

si~mal of t~enty volts ~,ms required to oper~t,e 

the gating e.irnu~ts, an a~alifier i~in of approx-. 

~mately ~C,O00 ~.ms used. 

It is possible that some of the tubes had a 

phosphor with high secondary emission ratio and, 

therefore, gave the required 2/3 r~. v. at lo~er 

b-Jam m~rrent than did the other tubes. ~o~ver, 

the RC number reported ~muld refle~t any improved 

op~na;;icm resulting f~mu this. I t  appears, then, 

that ",;he absolute value of the besm nurrent re- 

qu/red of a ~er%uin tube to prod1~e useful o~tpst 

is not as important as the H3 number sbtai~le 

frum the tube ~fnon used with that beam. 

DIS~R::~ D~TICN i~V~L: 

J_th the double-dot system, the wave fc~ms 

of the s~is D:mu the video amplifier are sho~.m 
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un FiGure I. The posltive go ing o r  "one" s~.l 

is thc  r e o u l t  o f  the double-dot. S~milar ~.~1~or~s 

are ol~a~ned ~.dth the dot-dash system. 

~en a storage l~.~t~ near a "zero" is non-  

s u l t e d  a number of t i m e s  befo re  the "zero" 18 re- 

g e n e r a t e d ,  t he  o u t p u t  wav~or ~  f rom t h a t  "zero"  

ben~n~s r~re posltlve so that there iS no lust 

the groat d~fferon.e between the  two s*ates that 

thls fisure Ind~ates. 

The nex t  f i K a r e  - No. 2 - cho~.m a t y p i ~ l  

"zoro" as i $  i s  r e f i l l e d .  The ~ r o a t e r  the  

her of times a lo~atlon in the vi~.inity Is 

sulted before regenerating the "zer~the mute 

positive the "zero" h~nomss. Thus, If ,,.;e are to 

obtain the most reliable operation, the renof~l l i -  

tion ! e ~ l  for a "one" must be set ~s poslti~ as 

po~slble, Whinh Is Ju~t bol~r the ~rnllebt "ore" 

~o ~,,ish to a~ept. T~e sotti~ used for these 

tests ,,~s about 95% o f  the average "one" empli- 

rude. 

It will also be seen from th~s fl~ro t~mt 

the ref~/ied "zeros" do .not attain their ma~/- 

m~ amp,~,'i;ud(~ ns rapidly as the "snoW. 

this r~-~son, the first portion on1~[ of the ~g- 

hal is :~ted :.nto the re~osrdtion ~.Ireuit to 

furthec reduno the possibility of nistaking a 

"zero" .?or a I;O~8~C j 

FATTS~U C0~[GU~TION: 

The time ~at the beam is on is greater 

for a "one:' 'tbnn it is for a "zero;: andre thin,- 

fore, repeated ~.onsul~at~on of a "on~' has th~ 

most detTimental effect upon surro~mdlng informa- 

tion. it is obvious that the "zeros" are the 

most sensltivc to this refilling. To simulate 

the ~orst ~ase of ~cmpu~r operation then, it 

is desirable to arrange a pattern of alternate 

"ones" and "zeros"~ and to ,onsult the "ones" a 

nmuber of times ~4hi!e observing the "zeroS. 

The pattern used consisted of 1024 storage 

Io~ations arranged in a 32 x 32 raster° Its 

size ~me adJz~ted to ,over the useful storage 

area of the tube. ~he seoond or re~ite dot 



was tw!tnhed to the right in odd nol~mms and 

to the left in even ,oltm~a. The next figurer 

No. 3, ~i~s an Id~. of the pgtterrm used. 

O.~r.:R 0P:~JTING ~O~DIT:[0~: 

0%2er fantors whi~h affect the performance 

of the Willisms' tube, sunh as beam-~n t:h~e for 

dot 1 _~..~! dot 2, t~dteh distance, anneler~.tion 

and asti~ntism vol~.gs, etc., ~ere adjusted 

te g~v~ the best performance experlmen%ally. 

TESTING PROCEDURE: 

After the eire~L~t parameters were  adjusted 

for a tube, the pro~dure for determining the 

RC number was as follows: 

(i) The pattern of 81ternate "zeros" 
a.~w/ "ones" ~.ms ~mdtten into the 
tube. 

(2) ~e first "one" in the raster ~,ms 
read N times, and the ec~plete 
pattern ~as rege~eratedo 

(3) The seeond "on~" %ms read N times 
~u~ t h e  pattern a~.mln regenerated. 

(4) This pro~ess eent~mued until all the 
"ones" were read N times, then re- 
pe~ted. 

('5) N ~ms inereased C~'adu~Jiy until 
s(mte of the refilled "zeros" changed 
to ~ones". 

I~is w:J.ue o f  N ~as recorded as the maxi- 

mum ntm~ber of repetitive ~onsu.ltatiens for that 

tube. This is the .~C nmuber. 

RESULTS: 

The results of these tests are shown on 

the next figure, No. 4. ~e experimental RC~ 

tubes are plotted together ~ith sane of the cola,- 

m e r c i a !  tubes which have 5sen used for ele~tro- 

stati~ st.rage. 

The ordlr~te of tbls graph is the percentage 

of these tubes tested that ~ave the RC ember indi.- 

~ted cn the abscissa. For e~m~lep from eln~ 4, 

about 7C% of the 3JPl's tested gave IOOO repeti- 

tive (~onsultations. Clearly, the tubes ~hose 

e.urves ore on the right are more desiraE~e for 

~ o r ~ r  l~se. 

The ae.eeleration relive used for the tmbes 

~as 2500 volts, as this ~as the highest reeD- 

mended, by the manufacturer. In every ease of 

the tubes plotted, the performance ~ms poorer 

at !m.~r voltage. Hc~ever, the P~l~. experimental 

tubes ~re still eonsidera]~4y better than ,~n- 

ventional tubes, even at low acceleration volt- 

aEe,  

~JeI'~l~F more R0A 3" end 5" experiI~ental storage 

tubes were tested than the graph sho~s but these 

were eax-Lier design ~mples ~ithout a sufflelent 

mznber of art T one type t o  plot. However, they 

~rore us%ally inferiar to the 3", 3611 series ~sbi¢:h 

is she ~=~. 

The RCA E~tmplea~ u e r e  a l s o  eheekecl by another 

laboratory ~ .  tbB results of the independent tests 

agreed closely. A larger sample of these 3" tubes 

of final desi@n has been made by RCA and ~ be 

tested In the near lh~ture. It is hoped that these 

tubes wbi.h ~.~ill be in use presently will be superior 

t o  those no~ in use. 

On the basis of these tests, it ~.~s decided to 

build the ~emory for the ~ACLE with 3JPl storage 

tubes but to make provisi~ so that the ne~ RCA tubes 

,otuld be used ~nen they are a~ilable. 
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Figure No. 4 
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