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WILLIAMS TUBES SELECTION PROGRAM

J. C. Chu, R, J. Klein
‘ Argonne National Laboratory

INTRCOUCTTION »

Prebably the most eritical nomponent in
the Willlams Memory System is the storage tube
iteelf, It was originelly supposed that ordi-
nory cothods ray tubes, designed for use in
oseillosropos, would suffine for the atormge
element in this type of clentrostatiic memory
but it scon becams apperent that thesas tuboes
hed two asricus defeeta. First, they hed im-
mritics on the storage sm'fane) a.nd,_ senond,
the focus of the olectron beam vac rot sherp
enough to allow repetitive contultation of ome

storapge location without disturbing the surrourd-

ing information.

These defeats sre opposite In nature s0
that the eircult pararmeter shange that irproves
one of these conditions, aggravetes the other.
Thus, if the arceleration woltage 1s inareased,
the focus improves tut the impurities become
more trovblesame,

The nost obvious scluticn to the problem
is tho devolomment of a speeisl cethode ray
tube whinh will have sharp focus ond 4 olean
storage surface, This tesk wes undertakes ro-
aently by R°A at their lawmvaster, Pa., plant,
As paxt of the tube selection program for the
0ol Ridge cemputer, tha URATIE, mest of the
design sarples of these tubsa were testod at
ovr lobarstery with a Tull raster iesting teehe
niqua. Sever:l typaz of emwmereisl rothods oy
tubhes were alse tested in this nanner,

Ve rwefer this testlng techndque over same

of %he mere frndomentnl rothods of ewlwnatieon

as 1t takes into account any sobile effeats uhich

might rrovent extrapolation of the resulis of
leas eloborate teats, The effecis of besm focus,
deflection defonusing, gentle eleatron rein, ade
jacent spot interference, eto,, are all roted at
orne, Thus, an indication of how the tubo will
perform in a camputer is obtained by deteminirg
the mximm mamber of rapetitive concultationn a
tube w11l tolarate under favorable operating acn-
ditions, We eall this the NC mumber and use it
43 an approximete figure of merit for the tube,

Erphasis wes placed on the repotitive con~
sultation problan during our tesis, as we nian
to use in the OPASLE a double tuie sysiem (see
paper on Oak Ridge Computer by J, €, Chu in this
publitation} to caneal offects of scroen jmpuzdi-
ties, Vowever, we belisve that the inpurities of
the sareen can be elimimmted by extreme cloanii-
ness in the manmfacturing proness, RCA 1s equipped
1o meke all of the necosgary studies, Saue time
will necesparily elapse, however, before considerably
improved tubes can be obtained readily, Ye have de-
voted curgelves to devieing mothods for the celeetion
of ueatle tubes frem those now avallsble,

TUSTING SYSTEM

Ecch type of ecathode ray tubz perfoms bead
with 2 certain set o cireuit parometers, Iuring
these tests, an stiennt was made to find the optia
mm overating conditiopge for sansh type taube,

In our experienna, the double-dot and dot-
dach oystems glve sbout the came nutbor of repeii..
tive acnsultations and are superlor to othesy srotene
in this rospeat

The deforus-focus method has been sugposted

to miairize the offects of soreen ixmpurities tut
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tho mmber of repetitive nomeultatiions posoitle
for p given tube 1s conplderably reduned vnder
these nondi%ions,

The nirecle—dot system chows prcemise on
single—tube aet‘:ups but doss not eppear nracti-
nal for a multistage verory berause of the
technicel difficulty snd expense of distribut-
ing the deflection olgnals that produne the
cirele to rony stages eilnmultancoursly,

Tha doutle.dot system was used for thosa
repetitive consultotion tésts.

STLECTICE (F PARAIETENS:

Experiments have shoun that, in general,
lower bsapm currents give higher RC mmbers,
1im' ted, of nourse, by the nolse of the gsystenm,
Mest of this’ noiege originates in the Innmut coire
oult of the video armnlifier. This amplifier
must have a band pass of 3-megmaynle froquenny
to peos the sharp leading edge of the "one" sig-
nal. An input reslator of about 15,000 ohms ie
as small sz can be used vithout periously atten-
vating the sigmal at the pinliagip nlate of the
storage tube,

The thermal noise of suwch s system requiresa’
a signel et the pickeup plate of about 2/3 milli-
volt {or a 10-to-1 sighal to roise ratio, fs a
aloml of tuenty volts was required Lo opercte
the gating cirouits, on erplifier ;ain of sporo-
imztely 3C,000 was used,

I4 is poseible that sone of the tubes lnd &
phospher with high secondary emiseion ratio and,
therefore, pave the required 2/3 r:, v, at lover
bzam current thean 4id the other tuges, Vowewer,
the RC mmber reported would refleot any inproved
oparetion resulting from this, It appears, then,
that the absolute valua of the beem current Tow.
quired of a certain tube to predmee useful ortput
is noi as importunt as the R nmmmber obtainzile
fron the tube wvhon used with that beam,
DISTRITMATICH IZVEL:

ith the doukle-dot system, the wewve forma
of the slghels o the vides amrlifior are showm
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va Figaue 1, The positlve going or "ome" signal
fe the rooult of the doutlo-dot, Similar vavofores
are olilained with the dot-dash system,

“Men & storage locatlon near a "zZere" 1a oon-
gulted & mmber of times btefore the "zoro" io re-
generated, the output wnveform from that "zero”
bencnmé nore positive so that there 15 no longer
the preat differcnna betwoon the two atates that
thin figore indinates,

The next flgure - Ko, 2 = chows a typleal
"zore"” ms it 18 refilled, The greater the mm-
ber of times a loention in the vicinity is oon-
sulted. belora repenerating the "zeraly,/the mare
pesitive the “zero” banames, Thus, if ue are to
obtain the most reliable operation, the renogni-
tion lewdl for a "one” must Le set as popitive as
nossiblo, whiek is juot bolow the srmelleot "ome!
we wish to nocept, The eetting used for these
toctn ims about 753 of the averamge "ope" empli-
tude.

It will also he seon from this figvroe that
the refilled "zeros™ do.nob zttelin thelr moxd-
me arplitude a8 rapidly aes the "ened".) For
thie recsen, the first portion only of the =lg-
nal is gpted nto the recognition cireuit tn
further redure the possibility of nistakirp a
"zero" Jor a "‘0114'7.]

PATYVIRY SCMTTCURATION:

Thes time that the beom 15 on 25 greater
for o "ome® than it is for a "gerof andy thers-
fore, romcated consultatlon of & "oue" has ths
riost dewrimental effeet upon surrouading infomrsn-
tion, It is ¢bwious that the "zeros" are the
most sonsitive to thie refilling. To simulote
the worst nace of computer operation then, it
38 desirable to arranse a mattern of alternate
"ones" and "zeros"z_and to congult the "ones' a
mmber of tines while cbserving the "zerodﬂ.j

The mottern used noneslated of 1024 storage
loeations orranged in a 32 x 32 racter, Its

size wos sdjusted to aover the uwseful storage

arez of the tubse. the second or revrite dot



wae WWitched to the right in odd eolwmhs and
to the left In even columns, The next figure,
No, 3, gives an ides of the mattern used,

O™ R 0PN TING SCHDITIONS:

O%tar factors which affeet the performance
of the Wiliiaps' tube, sueh a3 besm.on time for
dot 1 erl dot 5, tuitaly distonee, accelarniion
and astigeiism voltega, ete,, were ndlusted

te give the best performance experimentally,

TEISTING IROJLDURE:

After the eirew!t norareters were adjusted
for n tube, the nromedure for determining the
RC mmber was ns follows:

(1) The pattern of altermate "zoroz"

and "ones" wns written into the
tube.

(2) The first "ome" in the rester wes

recd N tlmes, and the eomplete
palitern was regenerated,

(3) The seoond "onz" was recd N times
and the pettern agmin regenorated,

(4) This process continued until all the
"eorea' were read I times, then re-
peeted,

{(3) = vas iscreaced rraduedly until
sone of the refilled "zercs" changsd
to “ones",

Ihis vnine of N was recorded ns tha maxi.-
rmn mmber of repetitive consultations for that
tube, This is the 30 mmber,

RESULTS:

The results of these tests are showm on
the next figure, No, 4. The exporimental RCA
tubes are plotted topether with scme of the cor-
meraial tubes whinch have been used for electro-

static storege.
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The ordinnte of thie graph is the percemtapge
of thece tubes tested thet gave tho RC mmber indi..
rated ¢n the pbsoissa, For ssample, from aurve 4,
nbout 7. of the 3JPl's tested gave 1000 repetl-
tive aonsultaticns, Cleerly, the tubes vhose
curvea are on the ripat are more desirable for
REMOTr USe,

The arcaeleration voltage usced for the tubes
was 2500 volts, as this was the highest recan~
mended oy the mamifacturer, In every case of
the tutes plotted, the performance was poorer
at 191—?61’ woltage. Wowever, the 74 cxperimemtal
tubaes ware s5till ronsiderzhly better than con-
ventional tubes, even at low scaeleration voli-
age.

Yany more RCA 3¥ and 5" experimental storage
tubes vere tested than the groph shous but these
ware ceriier design samples without = suffieiert
number of eny one type te plot. However, they
were vsiilly Snferior to the 3", 3611 series which
is shoun,

Tae ROA samples were also checked bty another
laboratory and. th2 resulis of tho Zndependent tests
agrzed closely, A larger samnle of these 3" tubes
of final design has beer made by RCA end will be

teeted in the neer future, It 1s hoped that these

tubes which will be in use presently will be superior

to those now in use,
On the basis of these tests, 1t was deecided to
build the memory for the (RASLE with 3JT1 atorage

tubes but to make provision so thet the new RCA tubes

could be used when they ere aveilable,
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Figure Yo. 4
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